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FOREWORD

This report presents the work performed by Applied Dynamics
Research Corporation under Contract NAS8-28513 for the Marshall Space
Flight Center of NASA. Mr. Larry Kiefling, S&E-AERO'-DDS is the

technical monitor.



SUMMARY

An analysis of dynamic test data from vibration testing of a num-
ber of aerospace vehicles is méde to develop an émpirical structural
damping law. A systematic attempt is made to fit dis sipated energy/
cycle to combinations of lall dynamic variables.. Thg belst-fit laws for
bending, torsion and longitudingl ‘métion are given, with error bounds.
A discussion and estimate are m.ade' of erro.r sources.b Programs are
developed for predlctlng equlvalent lméar structural damplng c;)eff1c1ent

and flndmg the response of nonlinearly damped structures.
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Section 1

INTRODUCTION

A number of full scale dynamic tests on aerospace vehicles have
been made which produced enough data for the calculation of damping
properties. Some preliminary analyses of the data (Ref. 1 and 2) indi-
cated a correlation between dissipated energy per cycle and the total
Qibratory energy of the vehicle. Based on the success of these analyses,
and a number of suggestions proposed (e. g'. , Ref. 3) on other parameters
which might influeﬁce damping, a comprehensive study was made to
determine an empirical damping law.

Dissipated energy/cycle was selected as the physical quantity
which provides the best measure of damping. Damping in a complicated
structure is a combination of a number of types of phenomena, and is
often nonli,near. When an elastic structure is excited periodically, a
steady-state situation is reached when the rate of energy dissipation
through the damping mechanisms becomes equal to the rate of work put
into the system by the excitation force. rI_'he rate of work can be calcu-
lated independently of the type of damping, and is therefore chosen as the
logical dependent variable for an investigation of structural damping.

The work done, per cycle of vibration, can be calculated as

follows: Let



ft) = F sinwt
denote the exciting force, and

XE = XE sin (w t+ 6 )

be the displacement at the point of application of the force. Here, w 1is

the frequency of the excitation force, and § is the phaée angle of

the response, relative to the phase of the excitation.

The work per cycle, W, is then by definition

%
W = /f(t) kEdt
V]
= WFXE sin 8
At resonance, 8 = m/2. Thus,
W = nFXE

which, from the previous discussion may be set equal to the energy
dissipated per cycle, D:

D=1rFXE

(1)

(2)

An alternate method of calculating D can also be used, based on

the value of the equivalent linear damping coefficient §{. The damping

at a particular modal amplitude is des cribed by this quantity, although

it will not be valid at other amplitudes if the structure is nonlinear. The

dissipated energy is then given by
D=4n¢T

where T is the maximum kinetic energy. s

(3)



Dissipated energy was calculated from both formulas when suffi-
cient information was available. A comparison of the two values provided
 a measure of the accuracy of some of the basic data used.

The data available for this study included the results of a number
.of full scale dynamic tests on space vehicles, as well as the results of
tests ona Boeing 747 prototype. These tests were performed to deter-
mine natural modes and frequencies of these vehicles. Most tests of
- this sort were not run with the intent of obtaining nonlinear damping data.
Therefore, as far as this program is concerned, useable damping data
were. relatively limited. In addition, the accuracy of some of the damping
data produéed is poorer than the accuracy of the frequency determination
alone, which generally was the main purpose of the experimentation.
Most of .the tests were run on Saturn vehicles, and an evolution through
thg years of increased accuracy of methods for determining the dynamic
pararne’cérs is seen.

A considerable attempt was made to locate data on dynamic
analyses of solid-fueled rockets which might be most applicable to the
space shuttle. This attempt, however, was unsuc;:essful. As far as
could be detel;mined, the data were unavailéble.

" The data available for this study comprise the results of the
tests given in Table 1. Altogether, there are 15 tests representing seven

structures. Five of the structures are configurations or stages of the
' 2



Saturn V. The Saturn I tests were run in 1964. Damping constants were
available for some of the modes from ringout decay tests. This data was
not considered too reliable due to the beating phenomenon \;Vhich frequently
occurred. Generalized mass was obtained by measuring the bandwidth of
the half-power point on resonance peaks of the amplitude/frequency curves.

The S-IVB tests were run in 1965—66.‘ Generalized mass was found
from the mode shape and mass distribution and also from a complex curve-=
fit for the amplitude of the response curve. Damping values were obtained
from bandwidth and phase angle methods, and, for some tests, from a
complex curve-fit technique.

The Saturn V tests were performed in 1966-67, and represent a
well-documented and more accurate effort. Generalized masses and
damping constants were found from cgmplex curve-fit techniques.

The Boeing 747 tests were performed in 1969. Dynamic proper-
ties were determined from complex admittance (acceleration divided by
force) plots in polar coordinates, following the method of Kennedy and
Pancu (Ref. 4). |

The first indication of the existence of an empirical damping law
arose from analysis of the Saturn I data (Ref. 1). In this analysis, 118
data points were used. The reason for elimination of the remaining data
is not known. The missing data mostly consist of entire tests in the

series. Very likely, at the time of the analysis, facts were available
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indicating the unreliability of these particular tests. The conclusion
reported in Ref. 1 was that a law of the form

D =0.313T%8 . o (4)
[dimensions in SI(International System) units] predicted structural damp-
ing. It wa;s reported that 83% of the data; lay within a + 2 db band of this
law. The data used was reexamined, using the methods of the present:
study. It waé found that the law was not quite so good as reported. The
best law for the S-I data was found to be | ‘

D =0.350 TO- 72

with 75% of the data within a + 2 db band. .Thié result still is encouraging
for the existence of a structural damping law.

Based on the S-I analysis, Kiefling and Pack (Ref. 2) analyzed
samples of data points from the Saturn V and the S-IVB tests. From
these teét's, data on torsional and longitudinal vibrations were also avail-
abie. The results reported in Ref. 2 indicated that the law (4) predictedl
damping in bending quite well for these' stfuétures. As a matter of fact,

the piotted results in Ref. 2 indicate that 89076 of the data fall within a
+ 2 db band.
For torsional vibrations a law of t}'xe' form
D = 0. 34 T0.80
is reported in Ref. 2, with 67% of the data w&thin a + 2 db band. The

results for longitudinal vibrations are reported as inconclusive.



In Ref. 5, Riley took vibration data from a Boeing 747 airplane
and applied the Chang law (Eq. 4). He found that this law correctly pre-
dicted damping to within + 2 db for 75% of the data. |

While the accuracy of the law, based on these preliminary studies,
is not all that might be hoped for (+ 2 db represents a + 50% and - 37%
error in D), yet it re;}resents a remarkable correlation. A wide variety
of vehicles are included (single tank, multi-tank and winged) and a five-
decade range of energy levels. | Taking into consideration the fact that
dissipated energy is an overall quantity, depending on an unknown variety
and number of damping mechanisms actingl within each structure, it
therefore appears that an investigation to uncover a damping law is
Worfhwhile.

The studies reported above indicate a dependence of dissipated
energy on total vibration energy. Other suggestions have been made that
frequency w may have some influence. In Ref. 3, it is reported that
the ratio of amplitude x to some characteristic vehicle length L gives

good correlation for certain cases.
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Section 2

SCOPE AND METHOD OF THE INVESTIGATION

In order not to exclude any possible empirical laws, dependency
on almost all variables available from dynamic testing was investigated.
In addition, all possible combinations of these variables were tried. The

variables used, together with their units in the SI system, are

T -- kinetic energy (Newton-meters)
X -- mode shape amplitude (meters)
w -- frequency (rad/sec)

m -- generalized mass (kilograms)

X/L -- amplitude/length
These quantities are not all independent, since the kinetic energy
is given by
T = (1/2)mw?X? (5)
Correlations were sought for three cases: transverse bending,
torsion, and longitudinal motion. The length L, in the last of the inde-
pendent variables, was chosen to be the length of the structure in the
case of bending and longitudinal motion, and maximum radius for the

case of torsion.
Equation (4) for the erﬁpirical damping law is not independent of
the dimensional units of the variables. - Some effort was made to find a

satisfactory nondimensional formulation. The effort, however, was



unsuccessful. Therefore, for the sake of uniformity, and ‘to conform
with current standards, all units were converted to the SI system.
The energy levels in these tests covered a five-decade range.
Baéed on the preliminary analyses, a law was sought of the form
D=CP*lp,"2P;"3 | (6)
where C, aj, ap, ag are constants to be detefrnined, and Pl’ PZ’ P3
a.i_‘e_ independent parameters.
Taking the natﬁral logarithm of bofh sides, we have
d=1InD=c+a;p; tazp, + .a3p3' (7)

where

"

c=InC

Py» Py, P3=In(Py, Py, Pj)
The least_squares criterion was ﬁsed to find the constants. Let
the data vp'oints' determined from the tests be denoted by a sup.er'scripted
bal;. Then the .error,‘ E, is given by the expression

' = - = -2
e B 2 : (e +a)By; +3,Pp; * 2383 = 4) (8)
=1 :

where

di 'ln Di

P1i» P2i» P3j = In (P, Pp;, Pgz;)

and the summation is over N data points.



We note that on a log-log scale the sought-after empirical law is
a straight line. The optimal values of C, aj, ap, ajare fqund from the
equations for minimizing E:

gE:aE:aEzaE:O (9)
Ac aal vaaz aa.3

Upon substitution of (8) into (9), we have

2 (e 1Py 2Py tagP3 ~ ) = 0

D Py le tarPy; + 2Py T agPy; - )= 0
: (10)

The simultaneous solution of these equations yields the best-f{it values
of C, a;, a5, az.

. The following formulas were used in searching for a best fit:

D=CT?

D = C X}

D = Cw?l

D = Cm?1

D = Cm?1x?®2

D = Cm?1u22 (11)



D = C X*1w?2

D = c T2l (x/L)%2
D= Cm*lw®2x?3
D = Cm®1w®2(X/L)?3
D = G, + C,T + C5T?

A program was written for the digital.computer (an XDS 930) which
performed the least-squares analysis and calculated the error of the final
result. The program performed several functions. Data in a number of
dimensional units were read into the program and converted into SI units.
Dissipation energy and maximum kinetic energy were calculated. Each of
the formulas (11) was used with the least-squares criteria (10), and best-
fit values for the unknown constants found. Finally, the error was calcu-
lated 5y finding the percentage of data points which fell within + 1 db,
+2db, +3db, and + 4 db bands of the empirical law. A listing of the
program is given in Appendix B.

As mentioned previously, there are two ways to calculate D.
Equation (2) is the preferred way, since it is a direct calculation involving
measured dynamic parameters. Howevér, measurements of the ampli-
tude a;d: the location of the excitation force may be inaccurate due to the
small magnitude t'here.‘ For those tests where the damping constant was
available, the dissipated energy was calculated acc01:ding to both equa-

tions (2) and (3). For each test, the computer program was used to find

7
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the best-fit law of the form

D=CT"
and the scatter calculated (percentage of data points varying by + 1 db,
+ 2 db, + 3 db, T 4 db). In this way, an empirical measure of the accuracy
of both formulations could be gauged. This subject will be more fully dis-
cussed in a subsequent section on error analysis. The conclusion reached
was that the calculatiqn of.D from equatjlon (3) was generally more accu-
rate. This was markedly noticeable for the S-IVB tests, and to a much
lesser extent the case for the S-V tests.

In the Saturn V series of tests, dynamic parameters were meas-
ured in two types of tests. The primary test, conducted to find the dynamic
parameters, was a frequency sweep test. An additional test run was a
force level test, mostly for the purpose of checking linearity of response
over a range of excitation forces. The results of this test, however, did
supply sufficient information to calculate the dynamic paraxnetgrs. In
the force level tests, responses were found at a large number of vehicle
locations for three force levels. The maximum level was épproximately
the same as in the frequency sweep test. For this magnitude of force,
the results of the two types of test were-compared for consistency.

The results of the force level test were potentially quite valuable,
since it presented an opportunity to determine damping in a situation

where all but one parameter remained constant. However, for the

H
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torsional and longitudinal tests, there was poor correlation between the
force level tests and the frequency sweep tests for the same excitation
force. In addition, the scatter was quite large. Therefore, the force
level tests for torsion and longitudinal motion were not used in this

analysis.

RN
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Section 3

RESULTS

The results are given in Tables 2-5, which cover bending, torsion
and longitudinal motion. Each table gives the damping laws which fit the
data best, for each of the formulations tried from equations (11). The
s"c.atter is given by the percentage of daigé. points falling within + 1 db,

i 2 db, j—_ 3 db, and + 4 di) bands around the basic law. Figures 1-4 show
the aata a:s é function of kinetic energy, \friéh the line representing the
damping law.

The laws for bending represent an analysis of 330 data points,
mucﬁ vmore than the results for torsion oi' longitudinal motion. For this
reaéon, 'itA is felt the results are more accurate and likely to be of general

A applicati:on. The conclusion derived from Table 2 is that a law of the

férm

D = 0.286 TO: 746

(12)
' describeé'the damping energy of a large class of aerospace structures.
Figure 1 illustrates the fit of this law to the data.

df the 330 bending data poinfs, 196 or 60% are associated with

Test No. 1. Therefore, the damping law (12) may be biased by the

inclusion of this data. For this reason, an alternate damping law for

13



bending was derived, based ontests 2, 5, 8, 11, 13 and 15. The law

derived was

D =0.153 70-893 (13)
with 71% of the data falling withina + 2 db band. The results of the in-
vestigation are given in Table 3. Figure 2 illustrates this law.

It is interesting to note that when a damping law was sought of the
form

D = Cm?1w?2x?3
the law which fits the data best produced the approximate relationship
| az ~ Za.1
That is, the quantity mXZ influences the damping. A glance at Tables 2, 3,
4 and 5 reveals this is true for bending, torsion and longitudinal motion.
Although a law of this form gave the best fit to the data, it was not
significantly better than the simpler law (12)--not enough to recommend
its use.

For torsional vibration, the best law was found to be

D = 0. 095m1' 01 2. 69X2. 33

with 81% of the data falling within a + 2 db band. The law

D =0.101T1 279

(14)
had a 63% accuracy for i 2 db. While the former law shows a better fit,

it should be borne in mind that the total number of data points is only 26,

14



so that a small uncertainty in the five points which lie just outside the
12 db band (see Fig. 3) would change 63%-accur.acy to 81% accuracy.
The law for torsion is less reliable than the bending law, since
it rbepresents an analysis of only 26 points, all relating to configurations
of thé Satu%n V. It is noteworthy that the law (14) for torsion has an
exponent greater than unity, implying damping ratio increasing with
- amplitude. This is the reverse of the situation for bending.

For longitudinal vibration, the best law was found to be

2'.405 (15)

1.259 ,3.315

D = 0.0002m X

withv'.7.7% of the data falling within a } 2 db band. The law
D = 0.057T1- 104 , (16)

had a 67% accuracy for +2 db. Here, the 'numb'er of data points is 39,

| all repr'esenting the Saturn V with and without the SI-C stage. Figure 4

reyeals i:hat a small uncertainty in the data could give as much as 77%

acéuraéy for the law (16)

Again, the law for longitudinal motion has an exponent greater

than one.
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Section 4

ERROR ANALYSIS

One cannot help noticing that the empirical laws shown in Figures
2-5 are subject to a considerable degree of scatter. "I‘he natural question
to ask is how much accuracy can be inheréntly expected from the data
generated. The tests were not primarily designed for the purpose of
i‘neasuring dissipated energy, and a careful look at the origins and accu-
racy of the dynamic parameters is therefore in order.

The quantities plotted in Figures 2-5 are derived from the formulas

T = (1/2)mo?X? (5)
and

D=4n}¢T ‘ (3)
or

D=7FXg (2)

First, it is necessary to derive expressions for the error in the
derived quantities T and D propagated from the independently determined
quantities. m, w, X, XE’ ¢, F. Of course, some of these quantities
themselves are derived from other independently determined variables.

In general, if there is a continuously differentiable function

U = U(x, vy, z)

16



and x, y, z are replaced by their approximate values

x=x+ €x
=yt e
Y=Y y
z=2z1e¢€ zZ
where €s ey,‘ €, are the errors in x, y, 2, then the error in U is €

given by (Ref. 17)

. .U A 1
u” Hx x oy ¥  dz %

(17)

Applying equation (17) to formulas (2), (3) and (5), we have the

following expressions for relative error:

€ € . €
T m €w X
= 2 + 2

T m * w Tox (18)
and .

D _ ¢ T

D -7 T (19)
or-

bD__¥, XE (20)

D ¥ Xp
Thus, if some measure can be assigned to the errors of the
indepéhdent variables (independent with respect to T and D), then the
errors in T and D are known. |
. Of the several series ‘of dynamic tests, the Boeing tests on the
Saturn V (tests nds. 2—105 are the best documented and, at least on the

basis of currently available information, the most accurate. The

accuracy of these tests is discussed below.
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For many of the tests, the energy dissipated/cycle could be
calculated from either formula (2) or (3) independently. A comparison
of the values calculated is shown in Table 6, as a measure of accuracy.
It is seen that agreement is .poor‘for many cases. In the bending tests,
however, cases 2, 5 and 8 (the Boeing tests) show relatively good accu-
racy. The discussion of probable error in the recorded values of dissi-
pated energy and kinetic energy will begin with the Saturn V tests in
‘bending.

| For the Saturn V bending tests, ‘References (18) and (19) provide
a source for estin-lation of errors. Errors accumulate from sensor'cali-
bration, instrument resolution, hysteretic effects in vehicle response,
noise and scalar errors in the data acquisition system, and round-off and
approximation errors in theV('iata reductién methods.-

The Boeing fests incorporated a humber of accuraéy—correction
techniques. Calibration curves for the amplit{lde and phase of each sensor
were determined and used in the data reduction system to modify the final
output. In addition, on-site calibration was periodically‘performed to
check drift and malfunction. A Féurier analysis was performed on the
response to remove noise and harmonic content. The output data (in the
form of transfer funcfions for each sensor) is curve-fitted to yield the

dynamic parameters.

18



The measurement of force was subject to two sources of error.

It is not possible to assign a value to.the error, which could have been
important in the evaluation of dissipated energy for those cases where
formula (2) was used.

Misalignment of the load cell can cause significant error in the
force reading. Misalignment will occur to some extent because of the
bending curvature of the structure as it zunde'rgoes deformation. A second
cause of misalignment is due to the out-of-plane motion of the structure.
Since the excitation was not applied in a prinéipal plane, the vehicle re-
sponse was at an angle with respect to the force. Therefore, the axis of
the load cell may suffer misorientation and show only a component of the
applied force. This corﬁponent will generally be quite small. However,
the out-of-plane component can cause a moment actir-lg on the lpad cell,
depending on its displacement from the shaker, which is a potentially
more serious cause of error.

Another source of error is due to the mass of the shaker armature
causing an effective inertial force showing up in the load cell readings.
The total test system should properiy be considered to be the test vehicle
plus the shaker armature. A mass compensation procedure should be
performed to eliminate the effect of the additional mass. No indication
was found in the documentation that this procedure was used. An example

of the possible error from this cause is as follows.
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For the Boeing tests, a 20,000 1b. (88A, 965 N) thruster system was
used. A system of this magnitude uses abﬁut a .350 1b. (159 kg.) arma-
ture. For a frequency of 8.69 Hz, and a thruster travel of 5. 35x10~% m. ,
;ﬁhé corresponding inertiai force is 253 N. This compares to a measured
force of 5791 N, or a 4.4% error. Itis ltherefore pos‘sible, especially at
the hig_her frequencies, that lack of mass compensation could be a signifi-
- cant source (;f error in the force measureménts.

One Qf the principal objects of the. d_.yhamic tests was to detérmine
' médal nétural frequencies. It is to be expected, therefore, that the accu-
racyﬁassociated with this quantity is relatiyely good. There are several

_sources of error‘: 1. Numerical error assodé.ted with the curve-fit
proc_edure.. In Reference (18) an error a‘naiysis. of the curve-fit technique
is perfdfmed. For the one example given, the error in amplitude varies
from 0 ll-'O. 7% over the frequency range. 2. The possibility of a double
peak in the vicinity of the resonant frequency. This effect is due to the |
fact that the excitation is not applied in a i)rihcipal plane, and therefore
the response is a sumrﬁation of motion in i:wé planes, each of which may
have a slightly different peak due to asy-rmr‘letryv of the vehicle. In this.
case, as pointed out in Reference (19), the ‘c1.1rv-e;fit method will not
separate modes closer than 1% in frequency.

From the above discussion, a value of 1.5% is assigned, in a

purely estimatory manner, as a typical error to associate with

?
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‘experimental frequency values. Sensor inaccuracy may have little effect
on frequency, since only the location of an amplitude peak is sought, and
not its value.

‘Errors associated with X (response amplitude) are influenced by
‘sensor error and data acquisition and reduction error. The sensor error
depends on the response magnitude. According to Reference (19), sensor
- error averaged 5% for measurements af_:_l% of full scale, while for full
scale measureménts, they averaged 1%.

A-ch_e;:k of the accuracy for determination of response amplitude
X coﬁ_les from comparison of the results of the frequency sweep tests
with fhe force level tests. The force ievel tesfé were conducted as a
check on the linearity of response as a fﬁncfion of force. The force levels
of the ffequency sweep tests were approximately reproduced, as well as
two 1owér‘ levels, and responses at these values_ recorded. Obviously,
we expéét agreement between the two tests at the same level. Compari-
son of the results of the two test;s reveals .th-ai the average ngreement
© for X is within 5%.

’ Thé determination of generalized rﬁass i_s subject to the greatest
inaccuracy of all the quantities making up thé kiﬁetic energy. This quan-
tity is derived from the ’curve‘-fit teéhnique. According to Reference (19),

comparison of generalized mass values gave agreement to within 10%.
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The modal damping values, likewise determined from curve fitting,
were found in Reference (19) to give agreement within 5%.

The above error figures may be used to give an order-of-magnitude
estimate of the error involved in the dynamic parameters of the Boeing
tests. From equations (18) and (19) it follows that the error in determina-

tion of kinetic energy is

€
T = 0.1 +2(0.015) +2(0.05) = 0.23 = 23%
and
i%-: 0.05 + 0.23 = 0.28 = 28%

This may be compared with the variation due to the + 2db bands in
Figures 1 and 2. Since the definition of a 2 db difference between two

quantities T, and T, is

2 db I
- log—T—-—O.Z
2

then it follows that 2 db corresponds to an error of +59%, -37% in T.

it is interesting to note that.if we assume a Gaussian distribution
of error, and that the nominal errors estimated represent a variation
from the mean error of one standard deviation, then 68% of the data would

lie within these error bounds. This figure correlates well with the 71%
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of data falling within the + 2 db bands of Figure 1 and 60% of data in
Figure 2.

The Boeing tests include 38% of the data points for all the dynamic
bending tests, or 71% of all data points excluding the Saturn I data.

The other data available on the remaining dynamic tests is gener-
ally lacking in enough information to estimate the accuracy. This data
falls into three categories. Test No. 15 was a ground vibration test of
a Boeing 747 airplahe. A frequency sweep was made, and frequency
determined from polar plots of complex admittance (Ref.y 5). From this
plot, generalized mass and damping coefficients ‘are also determined.
From the rather sketchy details available concerning the conduct of the
tests, no separate determination of accuracy can be made.

Tests 11 and 13 Were‘dynamic tests of the Saturn upper stages,
performed by the Chrysler Corporation. The resonant frequencies were
determined from inspection of the response and phase angle plots. Damp-
ing coefficients were found from an average of freql}ency bandwidth and
phase angle methods. Generalized mass was found from integration of
mass and mode shapes, using 70 equally spaced points along the vehicle.

Not enough information was ava_ilable to accurately assess the
error bounds. Inspection of the response and phase angle plots indicates
an up to 2% possible uncertainty in determining the resonance point. The

generalized mass was found from the integration method mentioned and

¢
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compared with values found from a complex curve-fit for the amplitude
of the response curve at the nose of the vehicle. Agreement between the
two values was very poor. The integration me’chéd seemed to produce
moi‘é consistent values and was the basis for the values used in this
report. An estimated 15% error is associated with these values. The
Chrysler tests account for 11% of all data- points when the Saturn I is
included, and 21% without the Saturn I data.

Finally, the Saturn I tests, WhichA formed the original basis for
the Chang law, consist of 196 data points, or 59% of all data points con-
sidered. Apparently, frequencies were found from inspection of response
and phase angle plots. Generalized mass was found by integration of the
mode shapes with a lumped-mass model. Damping constants were not
used for determining dissipated energy, but rather equation (3), using
force and excitation point response measurements. Insufficient informa-

tion is available for error estimation.
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Section 5
CALCULATION OF EQUIVALENT LINEAR
DAMPING COEFFICIENT
The results of the preceding section indicate that structural damp-
ing in bending can be predicted by equation (12) or (13). With less cer-
tainty, equations (14) and (16) may also be useful for predicting damping
for torsion and longitudinal motion. Damping, at a particular amplitude,

may be described by an equivalent linear damping coefficient { , given by

D

41T (21)

§=

From eqﬁation (17), the coefficient for bending is
§=0.0228 T-0-254
For the range of T covered in the tests (see Fig. 1), this equation gives
the variation of ¢ to be
0.07>¢ > 0.004, for 0.01 N-m< T <1000 N-m
For torsion, from equation (14), the coefficient is
¢ = 0.00804 T0-279
and gives a variation over the range of T (Fig. 2) of
0.004 < ¢ < 0.029, for 0.1 N-m <T < 100 N-m

Finally, for longitudinal motion, equation (16) gives

¢=0.00454 TO0. 104
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with ¢ varying (Fig. 3) as A
0.006 < ¢ < 0.009, for 10 N-m <.T < 1000 N-m
A small digital computer program was written to calculate for a
fange of amplitudes of kinetic energy. Therefore, the results of modal
'analyse‘s. of the space shuttle, or other iarge aerospace vehicles, can be
used to‘produce predicted values of ¢ for further application in resp'onse

" studies. A listing of the program is given in Appendix B.
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Section 6

RESPONSE OF NONLINEARLY DAMPED STRUCTURES

The results for the equivalent linear damping coefficient, found in
the preceding section, can be used to find the complete dynamic charac-
teristics of a complex structure. We let £he response at a point x of the
structure by U(x,t). Then U may be exISanded into a series of modal
‘ functions of the form

Ulx, 6 = San(t) 3nl) (22)
where |

¢, (x) is a mode shape function, and

dn is the generalized coordinate corresponding to ®.

The modal equation of motion for the n-th mode is

9, + (.oznqr-1 + Fn/mn;.Qn(},c). “ “ (23)
where
w,is the natural frequency,
m,, is the generalized mass,
F, is a nonlinear function inclua.ing damping, and
Qn(t) is the generalized force, written, for periodic excitation, as
Qp = an cos wt

The fundamental response is
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Qnlt) = Tn(w) cos (wpt - 6n)

where 0, is the phase angle.

F, is expanded into the first terms of a Fourier Series as
F, = Ii cos (wnt - 0& +1, sin (wut - on) .
: Dy, o
=1} cos (wyt = 0,) - = sin (w,t -6,)
: : ng, ' (24)
205 . B

where In == f Fn.sm (wnt - on) _“’ndt

0

and D, is the energy dissipated/cycle. Substitution of equation (24) into

equation (23) gives the two equations

- 2 2 I

D,

5 (25)
Ty Ot fn

The peak kinetic energy/cycle, Ty, may be written in terms of qp as

2.
w qnzmn

Tn=

ST

/ :
Substitution of this equation into equations (25) and recombining gives

L L, | -1/2
q,=Q_ [(w -o I /) (D2 /2 n Tn.)z..]

t

tan on =

® Dn/szn (wp, = 0™ + I;/m §)
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If the natural frequency wp does not vary significantly with response
amplitude, I, = 0. Then gy, and 0, can be found by the simultaneous solu-
tion of the nonlinear equations (25).-

A digital computer program was written to accomplish this. The
program requires as input the dynamic modal parameters Wy, mp and the
amplitude and frequency of the applied force. It then solées equations (25)
iteratively through the use of Newton's method. Thé resulting solu’cions‘

are then used in equation (22) to find responses for arbitrary forcing

functions. A listing of the program is given in Appendix B.
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Section 7

CONCLUSIONS

This study represents a cémprehensive analysis of all available
dynamic test data in an attempt to verify the existence of an empirical
law to predict structural damping in 1argevaer05pace structures. Based
on a number of previous studies, it wa.s: determined that the quantity D,
énergy dissipated/cycle, was the most appropriate measure of damping.
A number of different hypotheses Wére checked. It was found that for
bending vibrations, the formula

D = 0.286 TO- 746
where T is the peak kinetic energy and units are in Newton-meters
predicted damping to within + 2 db levels for 60% of the dat;i examined.
Since more than half of the data pertained to one vehicle, another formula
D = 0.153 T0-893
was developed to fit the rest of the data within a + 2 db range for 71% of
the data points. |

Formulas for torsional and longitudinal vibrations were also
found. It was found for these cases too that the best law, in the sense
of a least-squares fit, related dis sipa;ted energy to kinetic energy as an
independent parameter. The formulas found, however, differ from the

formula for dissipated energy in bending in that the exponents are greater
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than unity. Therefore, at higher energy levels, damping will increase,
in contrast with bending. A relatively small number of data points were
available for torsional and longitudinal tests, so that the validity of con-
clusions established for these cases is indeterminate.

There is a considerable amount of scatter in the D vs. T data.
The error associated with the various dynamic parameters was estimated
and an analysis made to determine the probable error in D and T. It Was
found that a good part of the scatter, but still not all, could be due to
measurement, data acquisition, and numerical error.

Because of the enormity of the testing program required to come
up with just one data point, it is an unfortunate fact that not nearly enough
data are available for a .'reliable statistiéal analysis to determine a trust-
worthy damping law. This situation is complicated by the 1;.se of different
test procedures, equipment, and numerical methods, all of different de-
grees of accuracy, in different systems of units, and with different de-
grees of care in documenting. The present study, then, cannot do more
than establish a quantitative relationship of encouraging, but not defiﬁitive,
reliability.

It is recommended that the data from the recently performed
Skylab modal survey be analyzed in the manner of this study to add to the

statistical base for determination of an empirical damping law.
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As an aid to future researchers of structural damping in large
structures, all the raw data used for the analyses in this report are given

in Appendix A, all converted to the Standard International system of units.
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. Table 1

Dynamic Tests for Damping

B -
Test Vehicle Description Type of No. Data Ref.
No. Test Points
1 Saturn I Bending 196 1
2 Saturn V, Configuration I* Bending 19 6
3 " " Torsion 10 7
4 " " | Longitudinal 11 8
5 Saturn V, Configuration II%% Bending 15 9
6 " no Torsion 6 10
7 " " :Longitudinal 21 11
Saturn V, Configuration II,
8 (MSFC C. O. 201)%u* Bending 14 12
9 " M Torsion 3 13
10 " " Longitudinal 7 14
S-IVBt Bending 26 15
12 " noo Torsion 6 15
13 S-IVB? SAD-202 Bending 20 16
14 ! ! Torsion 9 16
15 Boeing 747 Bending 16 5

% Configuration I consists of the entire Apollo Saturn V vehicle
%% Configuration II consists of the S-II stage, S-IVB Stage, instrument
unit, and the Apollo spa'cecraft
%% A modified configuration II for a stronger torsional support at the
command module/service module interface.

f These configurations consist of the S-IVB Stage, instrument unit,

and Apollo spacecraft
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Table 2 - ..

Damping Laws for Bending

The results given include the data

from test nos., 1, 2, 5, 8§,

11, 13

and 15 (330 data points)

- Damping Liaw

Percentage of data points within +1, + 2,

+ 3, + 4 db band

F1 db T2db | £3db T 4 db
D=.286T -0 32% 60% 80% 88%
$D= 261 X" 21 39 50 63
D= 694 °0* 18 31 41 51 ‘.
D= 2,82 m ™ 091 11 18 24 31
*D= 4, 31 m°593 Xl,OZO‘l’ .33 55 73 82
D= 1485 m* 020,72 12 17 30 41 51
£D = 270 X° 08° 70 202, 21 37 51 63
%*D=,785 T 6178 (X/1)° 0828 33 60 79 87
eD = . 671 me 075 1004 L. 3'(.39 35 62 79 87
+D = 261 m" 020, 646 (X/L}1°244 32 56 73 84
D= .596 +.095 T - ,000015 T° 11 28 60 66

% Does not include test 15 (X is not available from this test)

Dimensions are in SI units as follows:

D, T (Newton-meters), X (rmeters), w (radians/second), m (kilograms)
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Table 3

Damping Laws for Bending
(without Saturn I data)

The results given include the data from
tests 2, 5, 8, 11, 13, 15 (174 points)

Percentage of data points within
+ 1-4 db band
Damping Law '

+1db |+2dp | +3db | +4db

D=.153T-89 45% 71% 89% 95%
*D :.:‘6'3,4 x-190 S22 38 53 66
D =225 ~--047 16 32 50 60
D=16.2m" M0 15 25 39 52
#D = 3,41 m° 6%40x1. 015 37 63 79 88
D = 460 m- 012 -1.42 15 30 49 64
%D = 294 x- 082 -1.103 15 35 51 63
*D = . 132 T* 882 (x/1,)~- 014 47 75 92 96
%D = .080 m* 881 1.731x1.741 47 75 92 96
%D = 300 m- 835 -807(x/1,)1- 529 34 58 82 90

#*Does not include test 15 (X is unavailable from this test).

Dimensions are in SI units as follows: D,T (Newton-meters), X (meters),
(radians/second), m (kilograms).
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Table 4

Damping Laws for Torsion

The results given include the data from
test nos. 3, 6, 9, 12. and 14 (26 data points)

Percentage of Data Points within + 1, +2, + 3, +4db
band of basic law

Damping Law : +1db| +2db} +3db | +4db
p=.101 T} *27? 33% | 66% 85%|  96%
D= 870X °° 4 22 48 67
D= 13,4 3P 4 15 30 33
D= 95.7 m " %0° 19 26 33 52
D= 245 m* 20 x 1977 ‘ 22 | 37 59 81
D= 4,94 m™ 470,109 22 | 33 | 37 56
‘D - .587 x° 98 2. 431 : 22 52 56 67
D= .934 T M (x/my P20 | 29 74 93 100
D= .095 mi* 0t 209 3233 | 37 81 93 100
D= 4,77 m"588 (»2'573(}(/1,)1"456 41 78 96 100
D= -.524 +.333 T - ,0013 T° 37 59 63 70

Dimensions are in SI units as follows: D, T (Newton-meters),

X (radians), o (radians/second), m(kilogram-metersz)
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Table 5
Damping Laws for Longitudinal Motion

The results given include the ‘data from test nos.
4, 7 and 10 (39 data points)

Percentage of Data Points within + 1, +2, + 3,
+4db band of basic law

Damping Law +1db _-i_-Z db | +3db | +4db
‘p=.057 TI-10% 41% 67% 90%] 100%
D= 269 X°192 :13 23 44 51

D= 235,930 o 1380 15 38 49 56
D=.993m 71 13 26 38 49
D=25.1m’ 847 X 1.537 38 59 72 77

D= 42,108 m°_159w"262 18 31 49 54
D= 590, 740 x* 178 740 %33 18 36 51 | 56
D= .0084 T!*1°8 (X/L)'°133 49 74 82 100

D= .0002 m*2%7 3310 x4+ 403 54 77 92 100

D = 58,37 mi- 164 (&)Z“ﬁ’—’()(x/L)‘Z"_145 26 59 79 82

[

Dimensions are: D, T (Newton-meters), X (meters), w(radians/second),
m (kilograms)
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Table 6

Cbmparison of Dissipated Energy Values

Average percent difference for

Test No. No. Data Pts. D calculated two ways*
Bending .
3 16 " 73.6
4 18 91.1
5 19 13.1
6 14 1.0
19 15 12.0
Torsion
9 3 65.1
10 6 37.3
12 5 50.3
13 3 24.8
17 10 42.8
Longitudinal
15 21 N 315.6
18 11 /\ 9.0
21 7 - 247.8

*The average percent difference was calculated for each test by
taking the average value of the quantity 100 x ID, - D,!/D,
where D = TFXg and D =47¢{T. For each case, a few
data points showing untypically large error were excluded
from the average.
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APPENDIX A

DYNAMIC TEST DATA USED FOR DETERMINATION
OF EMPIRICAL DAMPING LAW
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2¢4499F~01
4+6719E~01
744737E-01
6.9921E-01
240263E-01
2.4813E-02
1+0935E 01
S5+030% 00
2+2104E 00
605887E'01
3.4150E-02
1¢p509E-02
1.958%E-01
1¢3118E 02
1.5008E 01
7¢1308E-01
be1029E-02
2e4872E-02
1.9443E-01
2.3812€ 01
5.96155 Q0
1.4399F 0p
5.1538€=-01
B.2748p-07
5.8038£-02
6:2726E-02
7.6676F 01
3+6824E-01
1.1820E ot
647855E-01
SeB4L8F~02
5.7759E-01
1+6433€ o2
1-0995E 01
5.14855-01
4.0722E-02
3.9499E-01

*COZmE
-oo‘!’
*0070%

00008
*0000E
*0co0k
*00n0E
*conok
soonok
*00r0E
*0030F
«COn0E
+0070E
*00n0E
*corot
*conok
*CnA0E
(X eTeloTol
*00n0E
*coant
+0000k
s0onek
scanpnE
*conok
10000k
*00N0E
*COnQE
+ 0020
+ 00N GE
+G0N0E
000k
*0020k
oo~k
*Cea0k
lkelad

*0000E

- 20000k .

eteileld

“NonokE

00
0c
co
o]0]
co

co

20

00
no
0o
ce
00
20
20
Qo
co
o0
00
co
go
Q0
00
o
oc¢
o
00
oe
00
0o



-7

LVoONO U &HF W+

mgcu.r

(HZ]

1106
205“7
36443
1216
2+C00
2706
3+33)
10257
2124
2+976
1'5\“\_,‘
heb b
1+112
1810
1821
2578
32450
1258
2+138

FORCE
(N

58004793
63474610
21155734
4635.045
3958916
76334146
P3348.707
3407 337
3336.16%
16000247
53864794
21605005
4352.256
3340513
‘?159¢085

669p+123°

217024865
3385.095
43504352

TEST MB. 2

XN
4%

6¢53937E =02
941799E-03
4.3652E-03
601968E =02
2:5037E=-02
1+6533E-02
Sep616E-03
Ssp285E-02
1'5734E'02
Se4430E-03

+3¢9926E-02

5¢1281E-03
Se7880E-02
2+0443E~02
2.“444E'O?.
9eRA3EE-(3
443377E-03
5.2200E-02
1e8867E=02

XE
(M3

5+6139E~-03
3.9865FE-04
4e6213E=03
1.2436£-03
1+0187E-03
Se4121E-04
443594FE-03
6e4010E-04
6+0532E-04
2.0643E-03
8+1883E-04
447642E=03
8¢3138E=-04
1+.0296E~03
3.0918E-04
347675E=04
4,3360E-03
747596E-04

SATURN V DTV CBNFIG»

I PITCH + YAW (1987)

GENL MASS FETA Y D(=PI#XExF)
{(KG=-SEC2/™) IN=M]
4

1.0185E o4 7+5000E-03 1v0077E 02
3+5009E 03 1+0000E-02 4La7461E 00
4e2875E o4 1+0000E-02 2°4023E o1
8¢2775€ g3 6+0000E-03 62¢9950E 01
3+.5000E 03 7.0000E-03 195239 01
546875 03  7+4000E-03 220894%E 01
6+1250E 04 1+1000E-02 5+3384E 01
6¢9650E 03 6+0000E-03 4e4947E 01
2+9925€ 03 2.0000E-D3 7e4611E 00
9.1000E 03 1e2000E=-Q2 2¢1392E 01
4o4450F 03 7.-0000E-03 2+9942F 01
1+1200E 0% S+0000E-03 1+4278E 01
1+1357€ ok 60000E-03 7e0022E 01
3+7800E 03 75000E-03 9¢6278E 00
3+6400E 03 8¢5000E-03 1+5207€ 01
3¢5350FE p3 9+0000E-03 5+1332E 02
441475€ 04 1+2000E-~-02 2+47649E 01
647200 0% 6+0000E-03 4¢3127€ 01
2+8875E€ 03 R+0000E-03 9+3238E 00

T
(N=M)

1+05692E
3e7768E
19117€
9.2774E
1-73245
2e2469E
3.8625E
5.9613E
6+5C/1E
1.41856E
3.4038¢E
142625E
942869
1egZ18E
1¢4237F
4e5334E
1+8335E
S«7200E
De2744E

D[=‘MF’1§7Q§T]

03
01
o2
02
ez
02
o2
02
01
02
02
02

IN=¥)

120077
Le74p1E
2e4p23E
6+995pE
1+5223¢E
2°0R4E
533845
4045,7E
7eu611E
2+1327E
2+5942E
1+4278E
7e000PE
Segp78E
1+52n7E
S+133%3E
2+¢7649E
4e31027F
93238E

02
co
01
01
01
01
1
o

00
01
ot

c1
o1
00
01

00
cl

ct

00



TEST NOe 3 SATURN V DTV CENF1Gs I TBRSIBNAL (1967) "

ALY

-

OWNT ULFWRF

F‘RF_CU.V

oeeser s

TBRAUE XN XE GENL MASS VETA ° D{=pPl*XE*F) T
{HZ) [NaM) (RAD) {RAD) (KG=M2] (N=M) (N=M) IN=-M3]
5660 247564178 6¢0920E=05 Se4780E~06 1+0620E 05 1+0000E-02 3+41320E-01 2+4924FE 00 3+°12320E-01
6e162 25650979 8.4690E~05 S+9030E-06 3+3R94F 03 8+0000E=-03 1+8317E-01 1+8220F 00 1°8317F-01
8e117 23115.708 3+1920E-05 4¢9104E-06 2+8245E 05 1+6000E=-Q2 75252601 3.7427E 00 75252E-01
8839 205804437 1e4860E-04 8+1972E-06 4¢3835E 05 1+0000E-Q2 1¢8759E 00 1+4928E 01 1°8732E 00
11326 271424315 6¢7030E-05 19219E-05 3.050%C 03 2.0000E-02 8¢7222E~01 3+470%€ 00 8e7222E-01
5+691 22708.980 6¢2710E-05 6¢0300E-06 1.0281E 05 9+0000E-03 2+9233E-01 2+5848E 00 2+9233E-01
64194 227084.980 6+4320E-05 6+¢0300E~06 7+6826E 03 9.0000E-03 2¢7222E-01 2+4070E 00 2e72722E-01
8e113 21918.120 3.2980E~05 747400E-C6& 3+5024F 06 1e4000£-02 8s7075E-01 4+94%4f¢ 00 8+7075E€-01
8+ 895 23160.900 1e4430E-04 2+8700E~05 4+5192F 05 1+1000£-02 2+0315E 00 144627¢ 01 2+03({5€ np
114428 26882,240 1,1900E-05 3.8413g 05 1.8000E-02 9,8930£-01 4.3737g 00 9,+8930E.01

€.6400E-05



NB. & SATURN V DTV CBNFIGa I LENGITUDINAL (1957)

[SEPY

O WoONONU Ty

TEST
FREGU‘Y FERCE XN XE GENL MASS .ZETA * D(=Pl#XExF] T D[ﬂ‘MP!:tZQAuT]
tHz1 IN) 45} M) (KG=SEC2/%) IN=M] (N=M) INev)
é
34782 76509.384 1+8547E-03 9427351E-04% 2+2400E 0% B8s0000E-03 2+1526E 02 2e¢1412E 03 2°1506E g2
44463 789554305 4e2303E=03 1+3114E-03 3+9200FE 02 9«0000E-03 3¢1193E 02 2+7581F 03 3¢1193€ @2
64506 84516.180 4e1736E-04 8.7641£-05 945375 03 1.3000E-02 2+2676E 01 1+3881E 02 2+2€76E 01
7+¢568 778434850 6¢8362E=-06 1¢0937E-04 2+9750E 03 1+4000E-02 2+7654E 01 15719 02 2°76%4E p
Sel114 780664261 3.0855E-03 9.8732E-04 2+6250E 03 1+7000E-02 2+7560E 02 1+2901F 03 241754«nE 02
6492 69837.054 1¢8720E=-03 2e2467E~-04% 29750E 03 6+0000E~03 6+5393E 01 8+6731E 02 6+5393E 91
8+276 682804177 8+49486E=0S 346771E-04% 4+3750E 07 1+3000E-02 747723E 01 447577€ 02 7277238 01
9+376 69837054 9+1699E~05 7+0627E-05 7+0000E 05 1+0000E-02 1+2835E 01 1ep214E 02 1°2835E o1
6+176 R67 4 ed05 3+.0540E-03 S.4953E-04 1+1637E 03 F.0000E~03 9+2426E 01 8e1722E 02 9e2426E pi
7576 £3378.640 349589F -l 2¢4344FE=03 1+0675E 07 1.4000E=02 3¢6962E g2 241010F 03 3+¢6842F 2
9eie 640544368 “1+6241E-03 3.2482E-04% 6482S0FE Q4 1:0000E-02 3.9508E 01 3«1439E 02 3455~8F a1



£.5

WooNC U S W

—

[§2VD]

1667
2701
5.979
2224
5953
84555
2229
54837
8690
2025“
5¢95¢
1+651
2+701
Se732
6+303

FERCE
N)

63254369
6707216
919444714
3927.778
94254778
BELN 684
48704801
17321369
5721582
2993652
14950467
5489.103
12704-116
72414702
8416.,032

TEST

XN
(M

449193E-02
9.6019E-03
7+0238E-04
6+2084E-03
44 099SE~0b
2e1146E-08
7+6645E-03
7+1487E-04
1.0%36E-05
8+¢6757E-03

"4e2223E-04

3.4210E-02
1+43092E-02
2.3669E-04
2+2004E-04

NBe S

XE
m

1e4745E~03
1.9204E-04
12639E=-04
8+1153E-04
1.1066E-04
8.8551E~-04
9o1974E’04
7e1487€=-05
53536E~04
2+16858E=03
1.0558E~04
6. 8430E-04
44.3517E=04
1.0173F =04
1-2895E'O“

SATURN V DTV CENFY

GENL MASS
(KG-SEC2/M]

3+3425E 03
3.7450E 23
1+4385E 53
3+5875E o4
4.2350E 05

2+80C0E 08

3.30235E o4
3.2900E 03
4e7775E 08
3.5175E o4
5¢74C0E 05
348150€ 03
“-3575E 03
505125E 05
7.7875F 03

G"II PITCH + YAW FREGs SWEEP (1967}

TWRLETA

5+2000E-03
7+4000E-03
€¢3000E~03
6.3000E-03
6+3000E-03
1.03Cc0E-Q2
6+3000E-03
7+3000E-03
2+,5000E-03
5+8000E=-03
9.0000E-03
6+0000E-03
9¢3000E-03
9+.6000E-03
9+.0000E~03

D{=P]#XExF]
(N=M]

2¢8993€ o1
be6236E 0p
3+9542E Qo
1¢0688E 01
3+9415E 00
2+3413E 01
1+7800E 01
1+0587€ 01
S.4371E 00
1+9524E 01
7¢3955F 0O
183328 01
1«5438F o1
2e4162E 00
3.3441E 00

T
IN=M]

4e43683E
“09721E
540073E
13501E
4+9787E
1:8088E
222483E
1¢1544F
7+9091E
2¢6787E
7+ 0695E
2e4314E
1e¢3210F
2+0029E
2+9563E

D[=4*PX'ZE.A*TJ

02
01
01
o2
(053
02
02
02
01
02

M
i

o2
e2
01
01

[n=vy

2*89923F
4e62136E
3496408
1 CHRRE
3494 45E
2344 3E
1+78n0E
1°05R7E
Je4271E
1+9524E
7e99=sE
1837328
1¢54138E
2ot a2k
3+3441E

01
o0
ce
01
oc
o1
01
(aB%
no
01
an
01
o1
00
00



v Y

Wos N ONULE W

FREGU‘

(HZ]

1-665
19671
1676
2710
2720
2+722
2224
20223
2225
5505
535
B854
8-765
£+4766
Re764
2+222
2223
2224
5.876
5¢883
5.898
eb20
84621
2268
20270
SeGus
Se.S46
5843
1+638
1'653
1«6F5
20703}
2«701 -
2+701
51750
54750
5.750
6:290
6-290
6+290

FBRCE
(N]

7210+565
5689273
38294917
6965913
55644723
36964471
3491,853
2388694
1797.(83
5395.691
35474540
2771281
9999.599
7139.393
54224380
5445.069
3622.748
2620.002
17023+338
125664221
8656.236
104084835
7170531
625,748
1712565
147300331
11285134
778R«833
85217762
43728.1138
34870”0“
12761.943
23p5.675
6338.713
67524338
5137.694
2219.667
7993.451
6467-712
441724634

TEST

XN
€D

5¢5195E-02
he7234E-02
3+7385g-02
9.8521£=-03
7+9806E-03
5+9621E-03
S5e2434E-03
3.6171E-03
2+7366E-03
2+5661E-04

"6+49479E=-05

447147E=05
104247E-05
1.5306E-05
901 U64E=0b
8+6902E-~03
546194E-03
442596E-03
7e2412E=-04
5.7989E-04
4a1811E~-04
1+8227E-05
944575E=-03
444172€-03
“o?é?“E-Olb
3.4224E -0k
3.9325E-02
3¢5609E-02
2+9046E-02
1e4946E~n2
1.2181E-02
6+9870E-03
204065E-04
1.3277E-04
1+1735E-04
2+4370E~-04
1+8075E~04
3¢9924E=-04

NBs 5 SATURN V DTV CENFIGe 11 PITCH + YAW FORCE LEVEL (1967)

XE
m

1¢5978E-03
1+38953€£~-03
1+1193€-03
25743~04
2¢1002E-04
1+.6159¢=04
7 .0953g-04
4 2 9662E-04
3.7097E-04
7.0439E=05
4+9611E-05
3.5753F-05
4. 48483E-04
4 ,1248E=-0h
3.5994£-04
1.3128£-03
8 4087E-04
£+3598E-04
1e5143E=-04
1-1578€-04
8.6373¢-05
1'2329E-03
243526E~03
1.0783E-o3
849038¢ =05
6,1675¢-05
3.2019%€-05
1+1660£-03
1.02375%¢~03
Be1472E-04
4,2983g-04
3.4332¢-04%
1.92148-04
808047E'05
~7.055p0E~05
2+9543g-05
1+1734%E-04
9.6768E-05
646643F=-05

GENL MASS
[(KG~SEC2/M)

33425 03
3.3425€ p3
3+3425F 03
37450 03
3474508 03
37450 03
2,5375e o4
305875E O“
3.5875E 04
442350 03
4+23%0E 03
4423508 05
2+8000E 0%

-2+8000E 08

2-8000E 08
3.92025€ b
3+9025E o4
3+9025E 0%
3.2900E 05
3.2900E 03
3+.2900E 053
L47775F &
407775E og
3451758 o4
3451756 b
S5.7400E 05

507“00E 05

S« 7400E 05
3.8150E 03
3.8150F 03
3.8150F 03
443575F 3
5.3575€E o2
4,3575F 03
5.5125E 03
5.5125FE 03
5.5125€ 05
7+7875E 03
7+7875E 5
77875 05

oA

*0000E
*0000E
*+0000E
+0C0O0E
*0000E
+000CE
«0000E
+0CO0E
+0C00E
«C0O00E
20C00E
+0000E
+00C0E
+0000E
+0000E
+0000E
+0CO0E
*0000E
«Q000E
+0000E
*000CE
«0000E
+0000E
*0000CE
+0000E
*0C00E
«0000E
~0000E
+0000E
«0000E
v0000E
+ Q000K
+0000E
+0000E
+0000E
+0000K
+0000E
«0000E
*0000E
+0000E

O(=PleXExF}
[N=M]

3¢5193€E 01
2:5014E 01
13467 01
5:6335F 00
3+6715E 02
1+876%F 00
7.7847E 00
347272 09
240944 00
1+1940€ 00
546850E-01
3,1127€-01
124089E 01
92515 00
6+¢1316E 00
202473E 01
9.5835¢ 00
5,2348E 090
8¢0987E 00
4:5706E 00
2+43543€ 90
441953€ 91
17477 01
2e6827¢ 01
5+8015E 00
4,1372€ 00
2+1866E 09
7+8249F-01
1¢9112€ 01
1.4107E 01!
8+.9260E 00
1+7233g 01
1+.0183E 01
3:8262E 00
1¢8678E po
11387€E 02
2+0601E-01
2+9466E 00
1+9662E 0D
9¢2385FE-01

T D(S‘Mplszgun

{N=M)

Se5722E 02
441276E 02
2+5903¢ 02
5.¢2696F 01
3.4833F 01
18470 01
9.6298¢ 01
“-5785E 01
2.6755E 01
1.9520€ 01
14315 00
6+.5874E=-01
8+46181E 01
9.92495€ 01
3.5513F 01
28722 02
l.2021€ 02
609132E 01
1+1757E 02
755828 01
308740[ 01
2+3289F 02
1.3648F 02
3¢1%45F 2
6+980%E o1
S+1013E 01
4+6920E 01
2+5755E 0t
3.2¢13€ 02
2.6249E 02
1.7465 02
1.4018E 02
9+3101E 01
3.0633E 01
2.0834E 01
6+3418E 00
4.5540E 00
3.6120E 01
1.9870E 01
9.69237 01

[NeM]

*0000E
*0000%
000t
*00N0E
*CON0E
*00n0E
+0020E
+00n0E
+00%0E
sCONCE
0000k
sconot
*Ce ok
0000E
070K
*0020E
0000k
*0000E
*0oaok
*o0c0k
*oonof
*conot
*00n0E
‘nonok
*00n0t
*0000E
*COrnE
scaonnk
sqonnt
*GOCE
*cocok

. *+00NCE

Fofalofel 3
+0070E
*0070E
sgonok
folelelsl 3
*0000E
*0000E
+0C70E

Q0
00
00

n
AR

on
ole)
00
00
0o

n
C

00
00
(e1¢]
00
co
00
ol
00
00
Q0
Q0
00
0o
on
Qo
0o
09
20
o0
0o
¢
00
00
0o
Co
ce
ole}
0¢
ce

[a)
v



5.9

oULE W -

rrea )y

[HZ)

5.605
6+290
9‘736
5+530
64255
3644

TERAQUE
(N=M]

17715264
E1344814
9885.750

17398.220
6281.688
96484492

TEST NB. 6

XN XE

{RAD) [(RAD)
Se1400E=-05 6+5856E~06
3+3200E-05 3+6381E-06
1.1400E-04% 1.2862£-05
3.4400E-05 8.0234E-06
2.3400E-05 345584E~-06
9+3300E-05 1+1017E-05

.

SATURN VvV DTV CBNFI1G

GENL MASS

[KG-M2]

1+52%2E
101637E
2.2996¢
1¢6269€
7 «908R5E
2+1353E

0%

gTa °

5+1000E~03
4«6000E-03
6.0000E-03
6+5000F-03
6-30005-03
8.+0000E-03

11 TORSIBNAL FREQ.

SWEEP (1967)

D(=Pl#XE«F}
I{N=M]

306652E~01
7¢0117€-02
3,9547g.01
4.3856E£-01
7e0223E-02
3+3393E-01

[n=M2

2¢4989E 00
1+0017€E 00
55,4943 00
1.1757€ 00
6.8136E=01
3+4125E 00

T D[B‘MPIG.AGT]
[NaM]

1°60158-01
5¢79n8E-02
be14PRELDY
9+4033E-02
5¢3942E-n7?
3e43r6E-n1



2.5

- C VONO O W

[P

FREQL‘Y

(HZ3

S 605
5611
5620
64268
6275
6284
9¢735
9.745
2.775
5510
ey
5840
6239
64237
6e241
2,635
S.636
916“1

TEROUE
IN=M]

176864703
13642.521
83624734
59834681
4854,.231
3532.534
10573.572
7665840
517284070
17566+543
130484749
84824889
10044824
7689.871
53344843
11919.300
97804554
6079804

TEST

XN
[RAD]

1+0200E-04
8+¢5837E-05
6.5058E-05
1.1181E-04
9+5650E~05
7+.4656E-05
2+5003E =05
1+5413E-05
7+¢6360E=-06
3+8043E-05

"2ebbLUEE-DS

2¢1283E-05
2¢050C%E-04
107417E-0k
1.2104E-04
1.7264E-04
1e5048E =04

NB. 6

XE
{RAD]

7+2276E=-06
5.3921E-06
3.2544E-06
4.0727E~C6
3e4714E=-06
26367E-06
1.0147E~05
T eS641E~06
54+2124E=-06
1535205
1.0072¢-05
7+2483E-06
9+42344E~06
6.+3954£ 06
3.2487F-06
2.6250E=~05
242343£-05
1.3485F£-05

SATURN V DTV CONFIG.

GENL MASS

(KG=M2)

1+5252€
1+5252€
1.5252F
141637€
1+1637E
1+1637E
2+2596E
2+2596E
2+2596E
106269EF
106269F
146269E
7.9086EF
7.9086€E
7+9086E
2.1353¢
2+1353¢
2+1353€

ZETA

*0000E
*0000E
+0000E
+0000E
*0000E
+0000E
*0000E
*0000L
«0000E
*Q000E
«0000E
+0000E
+0000L
+0000E
+0000E
+0000CE
+0000E
+0000E

I1 TORSIOGNAL FBRCE LEVEL (1967)

De=Pl«XExF)
IN~M)

4¢0159E-01
2¢3122E-01
8,5500E-02
7¢4560E-02
5+2939F-02
2+9261E-02
3+3708E-01
1.8217E-01
Be3R218E-02
Be4730E-01
441288p-01
1.9318E-01
2+9141E-01
15450E-01
S 444 BE-0P
94R295E-01
6e8652E-01
2¢5756E-01

T D[=‘H’Pl*,A§T]

C(h=M]

9+8407E 00
6+9838E 00
4,0248E 00
1.1282E 01
8+2750E 00
540556E 00
2e6424E-01
1.0334E-01
EOQPJOE*OE
1.4110E 00
6+9403£~01
4e7192E-01
2+5808E 0Ot
1.8421E 01
8+2072E 00
1.1662E 01
8.5625€ 00
3.4820E 00

(N-M]

*0000E
+00n0E
«0000E
s Q0COF
*000nE
*c000¢E
*00n0E
0000t
0000k
~oonok
*00N0E
+Q0n0E
*CCO0E
*oonok
Jele2sTe13
* 0000k
«0010¢E
*0020E

0o
0o
0
oo
co
00
co
00
oo
00
20
o0
o]¢;
an
co
fols}
Q0

co



TEST NBs 7 SATURN V DTV CONF1Ge Il LONGITUDINAL FREQ. SWEEP (1267)

Woo~N F W

FREQL,Y FBRCE XN XE GENL MASS 2ETA D(=Pl#XExF) T D(HMPI*,AnT]
{42 IN) M) ™ {(KG~sEC2/M) (N=M) (N=M] Ny
6+213 55294137 5.8560E~04 5e2705E-05 7.6825F p4 3+8000E-03 9+5858E-01 2e0074E 0Ot 9¢5858F-01
2.2C5 P1769.589 Be4435E-04 1+3510E-04 9+5900E 04 6+5000E-03 9e3404E 00 1+1435E Q2  9+34n4F 0o
9846 172924128 5:3811E-05 1+6143E=-04 1+1847E 07 1+2000E=02 948995€ 00 6-5648E 01 5+8295E o
11217 16867 +£50 3.2970E~04 645941E-05 13177€ 05 7+6000E-03 3+3977E 00 3+5876E£ 01 3+3977€ 00
6+346 55114345 6+8469E~04 Be2156E-05 1+1900E 05 2+8000E-03 1+5604E 00 444347€ 01 1+356n4E 00
94435 21231354 3.0420E-04% 1369PE-04 6+2300E 0% 7+2000E-03 9¢165%E-01 1+0131E 01 341652E-5
10+100 83444861 7¢5514E-05 1+1329E-04 2+5375E 95 8+0000E-03 2+9290E 00 2+9134E 0ot 2+222cf o0
11410 20773.187 204807E~04% 7e4421E-05 3+8500F 03 7+600CE-03 S+8148E g5 6+0886F 0t Se8148F on
6e425 116324995 142576E=-03 2+2644E-04 134052 05 344000E-03 7¢3B10E 00 1+727SE 02 743R15E 00
9,965 5564.723 1+1737E-04 2+3514E=-04 3+5000E 06 4+0000E-03 497659 00 F.4834E 01 47649 no
119472 £1929.725 “2e4296E-04 947147E-05 4.4625F 05 9.0600E-03 7¢6950E 00 6+8039E 0Ot 7463508 20
64693 6218.£612 8¢3724E-0% 2+40094FE-04 1+3142E 95 3+7000E-03 3+7876E 00 8.1461F 01 347876F 0o
10+227 5675929 1.2113E-04 1.9380E-0% 1+0920E 06 Se+4000E-03 2e2447E 00 3.3072E 01 2e2437E 9o
114535 85920581 1e3441E-04 4+0330E-05 2-1000E 05 6+2000E-03 7+7630E-01 FJ4963&E 0p  7+7673nLen1
7.265 124064086 1e7458E-03 743323E-04 1+4285E o5  4+7000E-03 2¢6577E 01 4+5676E 02 262778 o1
10+723 8371.55p 148124E=04 18124E-04% S5e4075E 05 1+0000E-02 5+1324E np  4.0842F 0t Se1324E op
11776 51644383 1e7734E-04 147734E-04% 5S.8975E 05 4+9000E-03 3:1260E 00 5¢0767% 01 3+1260E 00
4,858 22514649 421564E-05 2+1051£-03 3+8150FE 08 5+7000E-03 2+1592E 01 3e0703E 02  2+1992F 51
84628 5440.173 1+0843E~03 7.2542E~04% 1+0675E 03 6+2000E-03 1.4369F p1  1-8443F 2 1443698 o1
9.502 17583.814 6+2731E~-04 1-8815F-04 147673 03 6.7000E-03 1+0437E 01 142396E 02  1+0437E 01
11576 16587.752 3.3924E-04 2.2052E-04 2+3800E 05 1.5000E-02 1+3657FE 01  7.2451F 0% 1+3657€ nt



&5

WooONUTH W

FREGL’Y
(HZ

6220
6225
6230
9.180
90182
9.18%
11200
11.120
114195
6e343
6305
6348
9+410
9.411
9412
10+C67
10-C68
10°080
11838
11!437
6419
6420
6.421
9.955
9-960
94361
1153¢C
114525
£+4705
64707
be7rG
100299
10310
1¢+320
7269
7.272
74275
10.793
10.798
11-;?2
11/~
11-792
8¢613
8+611
96577
90575
9.573

FORCE
N

56754929
4150.189
2802372
216364142
160264237
10617.901
219344173

" 16089.212

10735230
58764099
4052.328
2771241

21177975

199204179

11076.068
8456066
€276.438
4225+8p9

P1435.972

157204002

10809.175
8047382
53323.416
60944061
“37700“8
2966.263

18723.%06

10684 .624
£4585.815
4910.835
3180577
5925.029
28514399
21392.,594

122054916

10297.623
63609955
90124094
67344605
4621.79}
6£196+370
47460251
31800477
5506.8396

17730605

13157.%.35
8451.618

TEST

XN
$4)]

6+1290E-0%
4e6R84E=-04
3&1793E-04
7.1528E=-04
S.0149E-04
3-7230E'05
3.6969E-04
3+0202E-04
2+1632E-04
7+2588E-04

‘BeQ061E-04

3+ 4824E-04
2¢7714E-04
1+2979E-04
7+0591E-0%
743528E-05
65457 -05
QoSéSQE-OS
2¢4795E -4
10“8055-04
11204E-03
e 1hALE-Ql
6.2328E-04
1+2R26E-04
947968E-95
6+2253E-05
1.3677E-04
806407E‘G“
6.5780E-04
444984 =04
2+1334p=-0ok
9.8926F-05%
8+0809E-05
1¢7531€.03
1-5?13E'03
Qe 94g7E -k
2e0643E-04
1+258pE-p4
642223E-05
1.8302E~04
1+4392E-n4
1e0441E-Q4
1+1102E-p3
S.3891E-p4
707594E-04
3+8594E-04
207202E-04
2.1167E-0h

NBs 7 SATURN V DTV CENFIGs 11 LONGITUDINAL FéRCElLEVEL (1267)

XE
™M

6+3240E-05
4+7058E=05
3.1756=05
1.5542€-04
1,1072E-04
7 +3955E=05
9.8217E=-05
7+2544E=-05
4.57R6E~04
9+.6403F=-05
6.5598£-05
4.5422F=-05
1e4077€~04
9.4298E~-05
6¢1553FE-05
1.3126E-04
1.0“885'0“
6¢1733E-05
7-5914E'05
5:6173E-05
1+9484E=04
1.5052-04
1.025%€-04
2.8379E -0
2¢0126E-04
102759E-04
6.5437¢-05
4,3753g-0%
2+.008%E-GY4
1.5314p-04
1-0571E’04
248961 -0k
1'31255-04
1+0485F.0%
703557E-04
. 6.3996F -0k
4+1190E-p%
1.8945E-04
1+3%32E-04
8.5687£-95
19675€-04
1 lS“éSE"O“
1+0305E-04
703#]5E-o4
£+3658E-04
5.1467FE=-04
246740E-04
1.9240F-04
1+2855F-04

GENL MASS
(KG=-SEC2/M)

7~6825E O“
76823FE ob
7.6825g 04
2.5900E 04
9.5200E 04
9+.5900E C4
13177 03
13177 05
1¢3177€ 03
1+1900E 05
1+.1900E 05
1+1300€ 03
62300E 04
6+2300E 04
6+2300E Ok
2+5375€ pb
2+5375E 0%
2¢85373E p4
3+8500F o5
3.8500E 053
1+3405€ 95
1+3405E o5
1.3“05E [o=]
3.5000E 05
3+5000E 05
3.5000E 0%
445258 05
1.3142¢ 05
1.3142¢ 95
1.3142¢ 053
109208 0%
1409220 0%
1+0920€8 0%
1.4385F o5
1+4385F o5
Se4075E 05
Se4075E 3
Be4075F 03
5.897%E 05
5.8975¢ 3
B+48375€ o3
1¢p675E o3
176753E 53
1+7675E 093

1e7675E 05

ZETA

+0000E
+0000E
+Q000E
+0000E
+000Q0E
+0000E
+ 0000E
«0000E
+0000E
+0000E
+0000E
+0000E
+0000E
+0000E
+Q0C0E
+0000E
+0000E
+Q00CE
*0000E
+0000E
+0000E
+0000E
»000CE
+ Q000K
+0000E
+0000E
+0000E
0000E
»0CO0E
+0000E
»0000€
[Xololalela
*0GO0E
*0000E
*0000E
+0000E
+0000E
*0000E
*0000E
» Q000K
«0000E
*0000E
*0000E
*0000E
*0000E
*+0000E
*+0000E
»0000E
*0000E

D(sPaXExF)
(N=M]

1¢1277€ 00
6e1354E=01
2+7958F-01
1,0564E 01
5¢5742E 00
2+4663E 00
618162 00
3e6668F 00
145529 01
1¢7796E 0D
8.3511E-01
3+9545E-01
9+3660E 00
447163 00
2+1422E 0O
3¢4870E 09
2+067%E 00
8¢1956E~01
5¢1123€ 00
2+7742E 00
6:6165E 03
3RD48E 00
1+7188E 005
$.4331E 00
2+7675E o9n
1+.1893€ 00
3.2335F 09
144687 00
4.0763F Q2
223626 00
1+0562 00
5¢3908c 00
141757¢ 005
72047801
228206 01
2.0703€ o1
8¢2311E 00
5¢3637E 00
2:8842F o
1e2441F 00
3.8300E 02
2+43064E 00
10497 po
1¢2701E pt
Seln44E oo
62644 00
1.4895F p1

© 8e2426E 0O

3+4131E 00

T Dc=4oP1a.A-n

(N=M]

2¢2039€ 01
12917 01
5+,9493F 00
8,1621E 01
4.0137€ 01
2,2131E 01
44 4594F 01
2.9708E 01
152355 01
4.9796F 01
2+3699E 01
1.1472E 01
8+43636E 00
1.8348€ 00
5.4285E-01
2e7443F 01
2+1753F 01
1.0622E 01
6e2166F 01
2+1789F 01
1+5451€ 02
9+119¢E 01
4.2281F 01
1412638 02
605779E 01
2e6565E 01
2+190%E 01
2.1271€ 01
8.7076E 01
500995E 01
243629 01
lep40eE 02
202423 01
1.4591F ot
446113 02
3.4753g o2
l1ebgggE Q2
S5+2983E 01
1.9685E 01
4.8185E 00
5.4127E 01
3-5836E 01
176515 p1
1+9265€ @2
14367 Q2
9.402%E 01
4.7663E 01
2+3648E 01
1+4325€ 01

(N

*0000E
*00n0k
*2070E
+C000E
+0ON0E
+0CN0E
s00Q0E
*C000E
r00noE
o000k
*00o0kE
JololaYs12
000K
*CD20E
+GO0NE
*0020E
0000k
*sonnk
*0Co0k
roonek
¢cennt
+00nnk
*CONCE
*C000E
0000k
*C050E
+00N0E
*5Co0E
G0 0K
*GCODGE

*COCnE

. *COC0E

*QGOCE
*00n0E
*conok
soonekE
*ooook
scocot
*00n0E
00908
*00N0E
*0000E
*oonok
*0onok
*0030F
*00n0E
* 0000k
*connk
*0000E

09
00
00
co
00
00
G0
00
o0
00
3C
ol
oo
02
00
00
00
00
ol
00
oo
a0
o0
aC¢
00
g0
0o
00
20
o0
20
0o
co
00
00
00
00
00
co
Q0
00
o1y
00
20
00
00
o0

00



9

5C
51

52

11.
11»

i1

63
e

21569.#é9
162404451

10933.725

3309
2718
24332

3E~0%
6E-04
6E«Q4

2'7277 04
149475E-04
1:2788E-04%

1848
94936

44392

4
SE 8%
7 00

549587
46924

-

E

01
01

3+4525€ 01

*CON0E 20
* 00, 18,
*0C go



o2

Woo~NOCtEWM-

FREGL‘Y

[(HZ1

10650
2+706
5.988
8.“90
2+215
5-900
8+515
2255
5903
1.625
246
5.622
2|255
54800

FERCE
IN]

4830767
84914652
107424451
7268.391
4554 ,977
16876547
5702+618
2909+136
1361+74139

529234382

125124843
6934.,775
156%5.773

14670230

TEST NBs 8 SATURN V DTV CBNFIGe I@ CH9 MSFC BO1 PITCH + YAW FREQ. SWEEP (1967)

XN
M3

2e8128E-02
746353603
9.2839%E-04
2+7523E-05
6+5326E-03
843497E~-04
6+8518E=-06
9.2810E-03
6e2726E-04
2e7471E-02

"1.0211E-02

6.9414E-04
5+6659E-03
4e94L8EE«QO4

XE
(M)

9.0948¢ =04
2.4285E=04
1+5225E-0%
4 .5500E-04%
S.8307E-04
146515E-04
3eb6642E-04
2+3546£-03
401555E=-0%
8.2157['04
3.3536F~-04
906402E'05
1.4169£=-03
4¢9437F£-05

GENL MaASS ZETA Di=PI#XE=*F)
[KG=SEC2/M) (N=M)
4

S5+4950E 03 4+5000E-03 1¢3371F 01
4.4100E 03 1+4000E-02 6¢5375E 00
1+1375E 05 5+8000E-03 5+0376E 00
5e8275E 07 1+3000E-02 103132 01
3+9375E 04 68000E-03 1+3905€ ot
2+3625E 035 6+1000E-03 846753E 00
3.9900E 08 1+3000E-02 4¢3796E 00
349550 04 S5.0000E-03 2+1485F o1
8+4000E 04 6+43000E-03 1¢7997€ 03
6+1950E 03 4+5000E-03 1¢3780E 01
5.2150E 03 1+4000E-Q2 13180F 01
1+2250E 05 4+10GCE=-03 2+1052E o0
3+.7800E 0% 4+6000E=-03 7¢0407E 00
141987 05 8+0000E-03 1¢9596E 00

T
[N=M]

2e3645F
307160E
6¢9391€
6+3127F
146273€
1.1317E
226809E
3e4194E
2¢2733E
2e4369E
7¢5917E
4&0859E
102180E
1+9493F

D(:q»P]n,A»T)

oe
01
01
01
02
02
01
o2
01
02
o1
01
ez
01

SNT)]

1¢3371E
6¢5375E
5e0574E
1¢0343F
1+39~5E
8+6753F
4+3796E
2+1485E
1¢7997¢
1+378pE
1e319pk
2+1052E
7+Ca"7E
1 '9F)J6E

01
20
00
01
01
00
o0
01l
oe
01
01
ole
00
0o



17

1 e
WMN-O WO O U1 & W

fury

FBRCE
N3

4995+ 399
3144892
2402039
87764+338
66360744
42924532
10600108
7779.937
525664692
4652838
34474370
2250792
160624522
12005746
J882.2456
2975.859
22244110
14854705
128644252
9639.293
6481.057
6378¢747
4621.701
32334856

"1257¢6 670

8843.061
64944401
677%.087
E546,930
43014422
1957217
1570.222
“7100264
1128p+686
10044081

s

TEST ND. 8

XN
S h]

2+8442E=02
1+3980E-02
1+45524E~07
6e2545E-03
4e6564E-03
3¢3342E-03
8+5128E-04
6 1R6FE~-04
4.0306E-04
6+5697E-03

-4+8789E-03

344750E-03
8e4103E-04
6¢9514E=04
44 89S6E=4
9e45379E~03
7¢2967E-03
S5+0230E~03
6+5380E~-04
449831E-04
3.3486E-04
3+0978E-02
2,7536E-02
2eQUETE~-?
1¢0056E-n2
S«2538E-03
7+1539E-03
6e6128E-04
5.4395E«04
3.9522E~04
6-8452E'03
5+3628F-03
5+3033E-04%
be420PE-p4
3:9216E=04%

XE
(M3

T4 6668E=04
648003E=-Q4
5¢3190E-04
2e05638E~04
1+5657E-04
1.1001E~04%
1+5008E-04
1.1028€~04
7+8337E-05
Se9344E~04
7e3867E=04
5.2851€~-04
1.5262E=04
1.2143E~04
8.0182E~05
2+4001E-03
108544E'O3
12631€-03
44233E~05
3:2441E-05
2+3006E-05
848230E~-04
7+4175£-04
B.6491F=04
2.9924F=04
2+8006E£-04
2+2278E=-04
9.3428F~05
7¢7033g-pE
6.0455E~05
17107-03
13486F-03
4.3738E-05
3¢5494F-05
3-2307E‘05

GENL MASS ZETA DL=PI*XExF]
{KG~=SEC2/M) IN=M]

5.4250E 03 »0000E 00 1+5170E 01
S5«4950E 03 »0000E 00 6¢7187E 00
549250F 3 +0000E 00 44013%E 00
4e4100E 03 *0000E 00 569028 00
4«4100E 03 »0000E 00 Ie25644E 0O
be4100E 03 »0000E 00 1264836E 0D
101375 93 ' 0000E 00 4.8980E 00
1<1375E 053 *0000E 00 216855E np
1+1375E 05 *0000E 00 1¢2961E Do
3.9375E o4 *0000E 00 104609 01
349375€ 0% “0000E 00 7+9399E 00
349375 p4 +Q000E 00 : 347371€ 00
2+3425E n3 »0000E 00 7+7016E 00
2+3625E 53 +0000E 00 4+5801F 0o
2+3625E 03 *0000E 00 1+9855F pp
3.9550E o4 *0000E 00 2:2438€ o1
3.9550E o4 *0000E 020 1:2957E o1
3+9550E o4 «0000E 00 5+8953E on
8+4000E 04 «Q000E 00 1-7877€ o0
8+4000E 04 «0000E 00 9+8241E~01
8+4C00E D4 +0000E 00 4ae6R41E-01
6+1950E 03 *0000E 00 1+7833€ o1
6+1250E 03 s0000E 00 140770 01
6¢1950E 03 +0000E 00 547392 00
5421508 03 «0000E 020 1+1818F 01
5.2150E 03 +000N0E 00 7.780%E 00
5.2150F 03 «0CO0E 00 445453€ 00
1+2250E 05 “0GI0E 00 1+9%97€ 09
1.2250€ 03 +0000E 00 13424 00
1.2250E 03 +0000E 00 8e1694E-01
3+7800E QY *00D0E 00 1+051%E 01
3.7800E 04 2+ 0000E 00 64524 00
1+1987E 53 +0000E 00 2+0213E 0O
1+1987€ g5 «000CE 00 142579 09
1+1237¢ o3 *0000E 00 1+0194E 0O

T
(N=M)

2040625
1.1232E
7.2122¢€
2e4568E
1e3627E
6+9923E
S5¢8304F
3.0889E
1+3162E
1.6518€
Fe1179E
446339E
1.13525€
7+8655E
3+9234F
3.551¢E
2411548
1le0Q34E
2o 495RE
loe4b15¢F
645490F
3.101%€E
204500E
1-35105
7+5210F
64023
3.8406E
3070[3E
2.5159€
1.3343€
1e7845F
1’09955
2«2349E
1e3622F
1.2757E

SATURN V DTV CBNFIG. 11 C8 MSFC 201 PITCH + YAW FORCE LEVEL (1967)

D [=1MPI~,_.A* T]

oz
oe
01
01
01
090
01
01
01
02
01
01
02
01
o1l
02
02
02
01
0l
0¢
o2
02
02
01
01
01
01
o3}
01
oc
oF
01
01
01

(Ne™)

feleleleld
*0000%
*connk
*0000k
*conok
sconak
*00008
rao6oE
*o0nnk
*0onok
*0000E
sconof
s0onkE
*conot
soennk
*connk
sconpk
*0000k
*ocnok
*oonntk
genot
elelalel
*00n0E
Q0N GE
000K
*00~0E
snonnk
000k
20008
(i elelotala
°*nonok
tololale]
‘geak
‘0oont
*00n0kE

00
£o
20
ne
00
Q0
20
o0
ol
ol
0%
00
0o
00
00
co
00
00
0o
00
oo
Qe
o0
ce
no
ol
0ne
00
0
on
20
0o
00
00
¢o



c7

1

3

FRECL,_,Y
(H2

7893
8+626
11+533

TERAUE
(N=-M)]

18099396
16483782
141564394

TEST NBe 9

XN
(RAD]

4+89500E-05
1+0000E~04
3.8000E-06

k4

XE GENL MASS
[RAD] (KG~M2]

443730E~06 2+2483E 05
9e0453E=06 1+4122E 05
4+45108E-06 7¢0951E 07

SATURN V DTV CONF1G.

ZETA

2+1000E-02
146000E-02
6+2000E-03

DI=PI*XExF]
[N=M]

1+6810E-01
4+1705E-01
2+3348E-01

11 CB MSFC 201 TORSIBNAL FREQe SWEEP (1967)

T D[=4*PI”A'TJ

IN=M] [N=M)

6+3702E-01 1+6810E=-01
2e0742E Q0 4917n5E«n1
2+56927E 00 2+3348E-01



€9

[o NS B VI VI g

FRECL’ZY
(+iZ

8-605
84630
84675
11625
11.632
114655

TBRQUE
(N=M)

17446,394
127844410
8122.426
14034.014
9322,968
46614984

TEST NBs. 9

XN
{RAD

1.0550E-04
941097E-05
6+1814E-05
2.64005-06
2.1187E-06
Let441E-06

XE
(RAD]

9-51715-06
7.+9960£-06
Ss4p40E=Q6
4443502g-06
3,1852g=06
1+6713-06

1.4122E
1+4122E
1¢4122F
7-0951E
7.,0951E
7:0951E

SATURN V DTV CBNFIGe

GENL MASS .ZETA .

[(KG=-M2]

05
0>
03
o7
07
07

+0090E
+00C0E
*0000E
+0000E
+0000E
+0CO0E

00
00
00
0o
00
00

DE=sPI#XEx*F)
[N=M]

5¢2163€-01
3e2114E=-01
1+3790E~-01
19620F=01
9+3301E-02
2e4478E-02

11 C8 MSFC 201 TBRSIABNAL FBRCE LEVEL (1967) "

T DC=‘¢"PI*‘A*T]

(N~M)

2+2974E Q0
1.7229€ 00
84+3158E~01
1.3192¢ 00
8.5C58F=01
3.9675£-01

[(N=M]

*00s0E
*0010E
*5000f
*COGDE
»QOO0E
«00n0E

oo
0o
co
00
00
00



%

NG EW D

rrecally

tHZ]

6211
94195
9758
11212
&e628
94513

FBRCE
IN]

5667032
19802475
17183474
172320“04

#790.733
17232404
17499.297

TEST NBs 10 SATURN V DTV CENFIG. IT C3 MSFC 201 LBQGXTUDINAL FREQ

XN
Ml

6+1175E~0"
5¢6703E=-04
2¢8702E-05
Se2433E-04
6e0113E~-0%
3.2376E-o“

XE
™M

7.3423€=-05
8+5021E-05
240055E=-04
8¢1145€-05
6¢1814F-04
1.5632E-04
204311804

GENL MASS
[KG-SEC2/M]

9.1175E 0%
12197E 03
4+6200€E 07
1.0097E 03
2+2575E o5
2+5200E 05

ZETA

3+4000E-03
8+9000E~-03
1+1000E-02
608000E'O3
6+.7000E-03
6+3000E-03
1+5000E~02

Drz=Pl»XExF]
IN=M]

1«1101E 00
793199E 00
9+8279E 00
3+2580E 0D
1+0673€E 01
1+1535E 91
1+3195E 01t

SWEEP (1967)

D E=4*P!<,A¢TJ

T
IN=M]

245982EF
6+5450E
7+1532€
3.8128E
1-2677E
1.4572F
7¢0002E

01
01
01
01
02
02
01

NPV

1e11mE
7421099€E
2+8879E
3+28eqf
1¢0673E
1+1536EF
1+3195¢

00
o0
00
o0
01
o1

ot



TEST N8« 10 SATURN V OTV CONFI1G. ID C8 MSFC 201 LENGITUDINAL FERCE LEVEL (1967)

D[=‘MPI~’A;&TJ

.

DONOOE W

FREGNELY FBRCE XN XE GENL MASS ZETA DC=PIw#XExF) T
(21 IN) M3 tM3 [KG-SEC2/M] I{N=-M) IN=M) [ned
6212 51684832 5.6482E-04 6+2279E-05 9+.1175E€ g4 *00CO0E 00 1¢0113E 00 2+2156E 0t *00n0E 00
6211 3932.226 4¢9296E-04 5.2523E~05 9+1175E g4 +0000E 00 694884E-01 1¢£871E 01 *0000E 00
9170 17445.919 401118E=04 1+1549¢=04% 12197¢ 05 +0D00E 00 63297 00 3«4230£ 0! *00N0E 00
9.169 128374563 2+878Rc=04 Be1257g-05 1.2197f 05 +0000E 00 342771 00 1+67756F 01 *0000E 00
9.168 8718.511 1.8693E-04 5.4421F-05 1.2197¢ 03 +0000E 00 1¢4906E 00 74.071tE 0O +Q0A0E 00
11.200 17343.610 3,1718€-04 6.9899£-05 1.4455f 03 +0000E 00 3,8086F 00 3,6C0%F 0! +0000E 00
11+199 12579.566 2+.4397E-04% 5.2315E-05 1.4485F 03 +0CC0E 00 2+0575E 00 2.2183F 01 <0070 00
11190 83400412 1.6448F-04 3.550%0~05 144455F 05 +0D0CE 00 9¢3038E-01 9sgsslE 0D +00R0E 00
R«628 46700631 9.3070E~C4 6«1070E-04 1.0097F 05 «0000E 00 8:9409€ 20 1.3:102g 02 +Q0NOE 20
8+ 606 42614395 85584E-04 5+5777E-C4 1+0097€ 03 +0000E 00 7e4672E 00 le0R63F 02 «QO0OF 00
BebT4 25794968 "4eR846EE~04 3.1731£-04 1+0097E 03 +0000E 00 2+5715E 00 3e4824F 01 +0000E 09
9.%53 17116.751 Se0726E-04 2+6793E-04 2+2575€ o5 +0000E 00 104407 01 lenhbug Q2 sconot 00
9.549 13015492 3¢9792E-04 241793g-0% 2+2575E 05 «0000E 00 8+9110F 00 64337 0t oroynE 00
9e544 8553927 P2e6777E-0% 1+4511E-04 2+2575E 05 +0000E 00 3.8995F gn  2¢9103F 0} *conoE 00
114634 172814333 3.0R73E~04% 1.9843¢-0% 2.5200F 05  +0000% 00 1+0773E 01 644173€ o1 *00n0E 00
110645 13300178 2+8487E-04 1-5539g-04 2+5200FE 05 *0000E 0O 644926€ 0p B.4738E 01 *00n0E 00
11+63% 8727408 1e8244E-04 947314E-05 2+5200E 05 *0000E 00 2+6681E 00 2+3910E 0t *0000E 00



TEST NBe 11 S=IV=B-D, LEM, AND APELLO PITCH + YAwWw (196;6)

0)(7')

O WN U & W

N

per b g
Y

FREG’Y FORCE XN XE GENL MASS ZETA ° D=Pl#XExF) T D[=‘MPI¢.A:TJ
[HZ N3 (™) M [KG=SEC2/M)] [N=M) IN=M] (nav)
44980 3229.000 1+3010E-03 2.2546E-04 1+0555E o4 8+9000E-03 9¢7814E~-01 8e7458C 0o 2e78145-01
94660 34814000 2.8500E=-04 9.0128E-05 1<6048FE o4 1¢1800E~02 6¢4971E-01 4¢3815E 00 6¢4971E-p
10000 32464000 2+9000E-0% 240973E~-05 1.92421FE 0% 1+2300E-02 449832E-01 3.2240F 00 4283pF-n1
10580 34494000 2¢2800E-04 9+1314E=-05 3+7114E Qo4 1+1400E-02 6¢1069E=-01 4«2629E 00 5¢1049E-01
14+800 3305.000 1e9000E~04 1+2962E-04 5.6328€ 04 1.3000E-02 1.449CE 00 8+8700E QO 1+4490E 00
5200 3705+000 2.2820E~03 1.5561E-03 1-1824E o4 1.3700E-02 Se6580E 00 3+2865FE 01 5165238 ap
9+680 3774000 3¢9300E-04 8.6578E-05 13%546E o4 9.4000E-03 4e6048E~-01 3+8983F 00 4ebnuRE-nt
10+910 3736+000 106300E~-04 7.2568E=-05 2.2986F Q4 1+1500E-02 2¢0736E-01 1+434%9E 00 2°c736F-01
15+000 3373300 2+0000E«04 191468E~-04 2+2630FE 04 1.0800E-02 Se4562E-01 %.0703E 0O Se+4542E-01
4800 3371000 . 1+9850E~03 3.5015E-04 1+0284E 0% 1+.9400E-02 4+6818E 00 19205E 0% 4e681RE no
93¢ 3609.000 -346100E-04 9¢9347E-05 2+3731FE 04 1+0°900E-02 7+3727E-01 S.38264F 00 7e3727E-01
10+5C0 3395.000 Pe3100E~04 6.2693E-05 3+0539E 04 7+.6C00E-03 3¢6499E-01 3+8217E 00 Jep4c2E.01
144420 3502.000 1¢5900E-04 1.1644F=-0% 1.8482F 05 9.5000E-03 2+314%2E 00 1+.9385E 0t 2+21:2E 00
5090 33464000 R+43100E-Q% 7-5604FE-04% 1+2523E Q4 1.4400E-02 8+0029E=01 4.4224F 00 80 9E-01
Fel4p 3415.000 S.4600E-04 1.3426E-04 1+0630F 04 9.0000E£-03 6+3044E-01 S5.5743E 00 60304401
10+9%0 35464000 3.5700E-0% 942570E-05 1+4796E o4 1+1400E-02 6+3937E-01 4+4631E 00 £¢3927E01
13490 3732.000 1.5100E-04% 64+9098E£-05 5.5456E 05 1+000CE-02 5¢7078E 00 4.35421FE 0% 5¢7078%E Q0
15200 3907.000 B,7447E~-05 2¢1740E 0% 1+0°900E-02 3+3902E=01 2+4751E 00 3+3922E-01

1+.5800E~0%



L7

oOIE Wiy

FREGL‘Y

(H21

4+900
Se610
9.330
541560
5700
Qe430

TARGUE
(N=M]

16341000
16330000
15750.,000
17027.000
16592.000
16272.000

TEST

XN
[RAD]

8.6926E-04
16401E~03
S.3612€-05
e 0R2EE-04
16312E-03
7+4403E~05

NBo 12

XE
{RAD]

342250E-05
1:6237E-05
5,1743F-05
145625E-04
9.8332E-05
3.834RE-05

GENL MASS

(KG=-M2)

2+2000E
1+5340F
3.0861F
1.0704E
9+90%0E
3.8921E

o4
o4
06
03
03
05

S=1v=-B=D,» LEM, AND APBLLE TORSIONAL (1966)

ZETA

1+3600E-02
3.0600E-02
1.4600E-02
2+5900E-02
1+7900E-02

«Q000E 00

D{=PI#XExF)
(N-M)

106556E (p
8+3297E~-01
2+5603€ 00
8+33583F 03
Se2620E €D
1996128 00

T
{N=-M)

1+03853E
2+5633E
4,6477¢
4446481F
1+6905E
3.7829F

D{=4xP] ~,A~TJ

01
01
01
01
C1
01

[NaM])

17749E
9+85468F
80527OE
1+5158E
3+80r6E

*COnCE

00
00
o0
01
o0
co



TEST N8+ 13 SAD-202 UPPER sw. PITCH + YAW (1266)
GéNL MASS }

b

89,

V00NN W

FREGCUENCY FORCE XN ’ XE ZETA D[-PI*XEIFJ T DLe42Pla7cTAsT)
(H2] (N) ) §))] (KG~SEC2/™) . . IN=™ {(N=M) (N2
2090 3022.000 1¢087CE-03 404784E=04 9+7334E 05 3¢1C00E-02 3¢862%€ 91 9.2162F 01 3¢8403° o1
7810 5192.000 2+0590E-03 7+328Q0E~04% S5¢0200E 0% 1+04%00E-02 3+3488E Q1 2e3€25E Q2 334235 ot

10090 S466+000 4¢5000E-06 1¢8142E-05 75717E 25 Be6000E-03 3+32996-52 3.08123E-01 302209Caa2

1C+820 E482¢00C 1+4100E-04 647116E-05 1+5866E 05 16800E-02 1¢5389€- 50 74+2893% 99 153225 nan
14310 4478000 1+4000E-04 B846730E-05 2¢8320FE o4 feb4CC0E-02 4en16°E=01 202832C Q0 Ler1nSTang
84160 2327.000 1+06450E-03 4+5912E~04 2¢1164E 04 9+8C00E-03 942699 05 7452732 0t 9426822 gn
14+070 - 2380+000 1+5200E-0%  5¢3%84E-05 1+9634E o4 B8+5000£-03 1+8234%E-01 1¢7725E g2 18%3tfony
84490 1988.000 1¢593CE-03 7+5559€-04 1¢3517E 04 1¢0300E-02 603159 00 #.884Z 01  6°3149% 35
14+270 22774000 10070CE-0O4  3¢8456E-05 1+5436E 04 144000E-02 102497801 7e1c342-01 102627231
2+080 3345.002 8.6400E-04 3+1113E+04 1¢1934E 05 148000E-02 1¢72092 01 7+6082E 0% 1°72~%% ot
7690 35364000 2¢0340E<03 S542233E-0% 447160E Q4 8440C0E-03 240415 01 2.277SE Q2 2e4041E Ot
10+380 3782.900 2¢4000E-05 1+2057E-04% 2+1985E 97 7+2000E-03 2+4367E 00 2¢5%32E 0% 243672 0n
11010 3533.000 1+2600E-04 %+6595E-05 4570%9€ 035 1.0200E-02 202255F 0o 147264E ot 22255E @n
84060 2303.000 1¢8490E-03 4,1787F-04% 2+17C5E o4 1.0%00E-02 1+2214E 01 925155E 91 1°2914E n1
13589 2463000 444000E=-05 3+3546E-05 11366E 05 1.0800E-02 1+0871E 00 80102E 00 1+0871E 0o
84310 20144000 2¢1660E-03 B8.2005E-04 1+2720E Q4% 9+9000E-03 1¢0120€ 01 8.1346E 01 1ec120E ¢1

—



9

WoONDNF WM

FRE{E.CY TBRAUE

Hz)

7850
4990
10800
S«110
8190
1C«800
5160
82490
11200

(N=M]

105644000
10636+000
108644000
11430000
11268.000
10963.000
12980000
120424000

121424002

TEST

XN
[RAD]

5.7020E~05
2+0883E~03
3.0770E-05
1.8712E-03
6.8434E-05
4e4p62E~05
742693E-05
5:0108E-05

NBe 14

XE
(RAD]

1.4130E-05
“1eQh62E-04
2+6745E-05
1.2237E-04
1.9757g-05
2+4773E~05
7v6270£’05
3¢6172£-05
4.5143E-05

SAD=202 UPPER ST

GENL MASS

(KG-M2)

1.3073E
7+0020E
1+7693EF
85500F
le4126F
1+6815E
2+ 6595E
2+4450F

05
03
05
03
05
06
032
05
0%

/\i’" 'S TARSISNAL
-
ZETA

*000CE 00
2+3100E-02
+Q000E 00
3+4400E-02
+0Q0CE 00
»Q000E CO
2¢9300E=-02
+0000E 00
+00C0E 00

DC=p#XE"F]
[N=M]

4¢6893E-01
3:4958F 0on
9+1283E=-01
4+3943E 00
6+3993%E-01
8¢5322E-01
3«1101E 09
1»3684E 0op
{72305 00

T
[N=M]

S5¢1701E
1+.5008E
3+8582F
1e5430F
8.7592E
7¢5845E
2+5083F
1¢5994¢F
1.8201€

00
01
ole}
ot
00
co
0¢
01
01

(N-M]

*0020¢%
442524
“ConnE
6671 E
+COCOE
*CO20E
3+8pgn2k
*0000E
*oenol

D[=h~P1¢!ETA'TJ

co
a¢
co
20
00
20
Qe
00

i
o0



QL

WX NGUTF WM -

FRF_.NCY

(HZ]

1015
1-685
2+100
24425
2+500
3-160
30460

e S48
1,773
1-3800
20230
3+C%0
30620
44820
5060
Eed60

FBRCE
N]

2499.000
249%2.000
2492.000
249%9.000
24399.000
2499.000
2499.000
24991000
2492 ,000
2499.000
2499.000
2492000
249%.000
249%.000
2499.000
2499.,000

TEST NB. 15

XN
M)

7+0500E-05
7+ 0500E-05
7.0500£-05
7+0500E-05
7+0500E~05
7.0500£-05
7+.0500E-05
7 +0500E~-05S
7.,0500E-05
7+05005-05
7+0500E-05
7+0500£-05
7+0%00E-05
7+0500E-05
7+050CE-05
7+0500E-05

XE
(M)

2e4964E-05
244964E+05
2e4964E-05
2e4964E=05
2e4964£-05
E,ABSQE-05
204964E705
2+4864F-05
2,4964£-05
2e4264E-05
2+4364F-05
2e4964E-05
2e4964F-05
2.4964£-05
2-496“E505

BEEING 747 (195

®
GENL MASS ZETA

{KG-SEC2/M)

4+5587E 95 CO000E
4+5587F 05 « Q000K
4.5587E 03 «0000L
4+85587E 03 «0000E
4+8587F 03 «00J0E
4485587€ 03 «0000E
“05587E 05 DOOOOE
5.5587E 05 s 00N0E
4.5587¢c 05 «0000E
4+5587F 03 « Q000K
4.5587¢€ 05 *0000E
495587€ 93 *0000E
4+5587E n3 *0000E
4+5587€ 35 *0000E
45587 05 *«D000E
4.5587E 05 »0000E

v

00
00
00
00
00
00
00
co
00
0o
00
00
569
09
00
00

Di=Pl+XExF)

IN=M]

S+7000E
3¢9400F
62 8R00E
4¢1100E
6¢3400F
445500E
5+4800F

4+2500F

1.7700€
1+1C00E
1¢9000E
11200E
1+.0200E
1+43600E
244600F
7¢0000L

0t
01
01
01
01
00
01
01
01
01
01
01
01
01
01
090

T
IN=M)

2e4430E
4.0800F
44 0400F
446700F
“03600E
397200E
43700EF
2¢1300E
2.3550¢
6¢4690E
6+97)30F
1+0900E
6+6700F
9e8400E
7 48300F
S«8700F

Cl=4vPlazETART)

02
o2
02
02
02
c1
o2
02
02
01
el
02
01
0!
01
o1

{New)

*0000E

Raelelslol

+00ON0E
*00n0kE
"conok
*connE
sconek
0000k
«000GE
*CONOE
*00n0F
*cooek
* 3000k
*eneck
*0000E
+00n0K

Q0
00
oy
o1¢]
oc
ole;
o0
20
06
ce
00
00
0o
00
00

~
30



 APPENDIX B

DIGITAL COMPUTER PROGRAMS

a



OO0

LY

OO0 OO

3L My (B ey R

CEMMEBN CaT,W,X

DIMENSIEN D(34C),T(340),W(340)2%(340)
DIMENSION Z(4),ARRAY(14)

NMAX = 340

READ S,INDEX,12,18

INDEX = 1 =« D=CxX1#%Al

INDEX = 2 = D=Ce{X1#%Al) * (X2%»A2)

INDEX = 4 = D3A1+A2xX1 + A3eX1#X1 )

INDEX = 5 « D=Cx(MerAL) # (dewp2) # (X#xA3) (UNLESS ]2=27)

12=0 - D ZaTaxAl

12=1 = [ = ZT#XxwxAl

1222 = D = CxWaxpd

12= - D = CeMrsat

1226 = D = CH(MevAL)%(XH*A2)

1225 = D = Ce(MsxAl)x(WrnA2)

12=6 Doz Ja(XerAl)»(WrrA2)

18=7 D o= Co(T#xAL)#(X/L)#%A2 OR Cx (M*xA1) » (WenAD) # (X/L )#®A3
1 READ 18, (ARRAY(I), I = 1,14),1878P

15 FERMAT . (13A4sA1,11)

IF(ISTER=9)P5,101,25
PRINT 110,  (ARRAY(I)» 1 = 1,14y, INPEX, 12
110 FORMAT (1H1, 35x%, 13A6,A2/ 55X, 7HINDEX =s 124 BH 12 =, 12/
™ 55X, 1CHINPUT DATA// 6Xs9HFREQUENCYs SXs5HFBRCE, 9X»
* PHXNS 10X 24XEs» 6XsIHGENL MASS, 7Xs2HX0»8X,4HZETAL12Xs 1HD2 11Xy
x 1KT» 10Xs PHD2)
I = C
4 READ 3,11.12UM,13
5 FERMAT (101%)

n
(o)

I11=1 = INPUT UNITS - (CPS, K5F, M, XE/XO0,» KG=S2/M

1t=2 ~ ° ’ ’ CPSs» 1By G/LBs G/LB, LBeS2/IN .
11=3 - CPS, N M, XE/X0, KG

11=4 - CPSs» DyT IN N=M

11=5 =~ CPS, N=M, DEG, XE/XD, KG=-M2

Il=¢6 = CPSy IN=KIP, RADs RAD/IN-LB, LB=S2=-IN
1127 =~ . CPS, LB, G/LBs G/LBs L23=S2«IN, RIIN)IRE(IN)
{321 = D=PIs«XEx»F

1322 « D=a4xP[#2ETAST

13=4 =, GM s 1, D=PleXEsF

126 1F (11=1) 132,1124112

112 READ 10,CLGTH
) IF (18) 102,102,105
102 IF (I11-2) 103,148,104
103 PRINY 115
115 FORMAT
» 11HVS
Geye 1ic
104 IF (11~

3Xs BSHICPS)Y, 7Xs SHIKGF Y 9X» 3H{MIs BXs TH(XE/X0D)s 3Xes
SEC2/M) 30X 5H(1=M), 7X, SH(N=M),8X,5H({N=M)/)

@) 10951092146
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"nonououn ot

L | T T TS L R T [ B LI LI 1} T TN £ NI N T TR LA S | LY B 1]

LI | S T [N

Hon oo

I

D) PO vb ka2 pen b gee ;
£ W = OO NP F LW OWN NN N e e U

AP I A8

~N O

57

VIS I S

<

DES NS I 'S B 75 IR V3 PV RN SO VY

P N R
G M) s ODAG 00 SN UT B0 e

R

o~ O

F SRS
z

\

(a3 I
oy
RICIE
TN e
- .
<R

Y OYIYITYOY YOO

YOOI,

o RN e ARG ISR TONA NGRS

H

[P AR oS

(LI L1}

J S I
RVRACE ACEFAV N AT AP IR N 3 V)

~ I Ut e

T1=1
I1=2
11=2
1a=w
1=t
11=6
11=7
12=1¢
13=2
123=4
w26

uw onou

fa

i

= L) D) e

-+

[R1]

LSRG e BRI % B IR )

is

DU

L1 LR L 1]

KNy 10y S 2RXE, X OHGIHL MAGS, 7X/2HXQISXIQHZETA)12X11H9111Xl

~
D

:),T,.‘.-J:X . . ' '
[N B{342),TC340),WI340),X[340) '
TEN 2 L8), ARRAY[14) '

340
s 1IOEXS 12, COIVNLERIVN, I8
(P21S,Fi0404,F1044,15)

= D=lxY1wxxAl

- Delr{XiexnpAl) =
- D=TeTx »2xal

~ TTATHATEX] + ARxNIeX1

= 0 ™MerAlY % [wExAZ2) =

[X2%%A2]

Ix=#A3) [UNLESS 12=7)
CxTrepl

CxXeahl

Cenaxhl

CiMr»Al

ColvimsAt1) x[xres2)
CrCirr a1 o Livrp2)

e (Naxajlelarepr]
CrlT+»a13 0 IX/1) x%A2 OR CxlMurpal) » [Wxxp2) » [X/L)%%A3
SRICETYNY

1 = 1,143,18TeP

= 1,14, INDEX, IR :
THINDEX =, 12, SH 12 =, 12/

65X, 9RFREQUENCY, 3X,5HFORCE, 39X,

Sy “rpaty
1U%, gHi)

s 11, I0UM, I3
(101451
Y UNITS = CPS, kGF, My XE/XC, KGeS2/M
C2%, LB, GsLEB, 5G/L8B, LB-S2/IN
C2s, N2 My XE/XD, KG
CPS3, D, T IN N=M
CA3, m=Ms DEG» XF/XT KGavp
CrSs 1h=X1P, XAD, RAD/IN=L3, (8-S2-IN
CP3, LBy Z/LBs G/LBE, LB=-3Z=-IN, RIINIJRELIS)
IaXE*F
4"Io‘_:‘TAxT

_ AOHILIAW SHYVADS-LSVAT HONO¥WHL
MVT ONIIINVA TVOIYIANT I14-LSHI ANIA OL WvadDO0dd

1 Uo1309g



109 PRINT 145

145 FORMAT ( _X,SH(CPS) s 8X, 3H(N), 10X, 3H(M), 6X, 7H(XE/XB), 77X,
*  HHIKG) » 33X, BHIN=M) , 7X, SHIN=M) , 8X, SH(N=M) /)
G818 106

146 IF(I11-6)1144,149,148

144 PRINT 147 )

147 FBRMAT ( BX,5H(CPS), 7X, SH{N=M), 8X, SH(DEG), 3X, 7HIXE/XD)s 86X,
¥ 7H{KG-M2),31X, BH(N=M), 7Xs BH(N=M), 8X,5H(N=M)/)
GATH 104 '

149 PRINT 151 '

151 FORMAT ( 33X, SH(CPS)s 6X, 8H{IN=KIP) 6Xs13H(RAD) (RAD/ N1 B), 2X
v 12H{LB=SEC2~IN), 28X, SHIN=M), 7%, BH{N=M), 8X, SH(N«M)/)
Gatn " rh :

148 PRINT 125
125 FERMAT ¢ BX,SHICPS), 7X,4H(L3),8X,6H(G/LB),6%Xs6H{G/LB),3X,
x 12H(LB=SECA/IN), Z29XsSHIN=M), 7XsEHIN=M),8X, SH(N=M)/)

106 JMASS = IMASS
106 READ 10, FROQ,XN,GM,FIXE,X0,ZETA
10 FBRMAT (7E1GC+3)
IF (ABS(FREN) = 1E=10) 4,4,128
128 1 = 1 + 1
IF (1-N™AX) 129,129,130
129 w(1) = 6+28318+FREQ
W2 = A1) W)
TS = F:8CH65/W2
IF (11=2) 107,57,54
107 GM1 = 9.80665*GM
F1 = 2.30665%F

XN = XN
XE1 = XN1»XE
aaTae 43

5¢ 1F(11-")%8,52,55
55 1F(I1~%4) 52,51,48
52 XN1 = XN#e017453293

GB8TS 53 .
58 XNi = XN .
53 GM1 = GM
F1 = F
XE1 = XNI®XE
GOTD 43
51 GM1 = «11298x#GM
F1 = 112.98%F
XN1 = XK
XE1 = XE#F»1000.
GOTE 43

48 GM1 = «1129°9%GM
F1 = 2Z4.C30846+F
R = XC#+C254
R1=Z2ETA»+ 0254
ZETA=D.
XN1 = TS*F%XN/R
XE1 = T3xF#¥XE/R1
GOTO 43

57 Gtil = 17S+#GM



7L

Fl = 4.443224F
XN1 TS*F#XN
XE1 TS»FxXE

43 D(I)Y = 3+14159+F1xXEY
TBAR= «5uWZ2xGM1 #XNT#XNL
IF(12=-1)46,44,70

44 wg=1le.

FPEO=1.

GMI:l.

GM =1

GB8 TH 46
70 IF(12=-3171,72+73
71 XNi=:!-

XN=1.

GM1=1.

GM =1

GB T8 46

72 W2 =1.

FREG =1+
XNi=1.

XN =1

GO T3 46 :

73 IF(12-8)174,75,76

Th W (])=XN1
XNi=1e
FRECQ =1
GB T3 45

75 XNi=1.

XN =1.
GO TE 46

76 IF (12=7377446,456

77 GMi=1.

GM =1.
XN1=SQRT(XNT)

46 XM - = GM1*XN1#*XN1 : )
T «SAWRRXM '
GETS 56

%9 T(1) oM
D) F
XM = 2eaGM/W2
GM = Co

F oz Qe
856 D2 = 12.E6436+7CTA*TBAR
CIFF=(D{1)~D2)/D2*100.
IF (13-2) 117,118,117
118 D(1) = D2
IF (ABS(D(I)) = 1.E-10) 119,112,117
1191 =1 -1
G8TE 106

117 1F (19) 116,116,1:4 .

116 PRINT 120, 1,FREQG,FAXNIXE,GM X0, ZETALD(1), T(1), D2

120 FBRMAT (I4,F9e35F13¢351PE 14 4240124, E1404,E12.4,51X5512,.4)

114 IF (INDTX=4) 121,106, 121

121 DO1) = AlLBG(D(I))

a o



122

T(IY = ALSG(T(I))

W) =ALHEG (Wl ))

XTI Y2 ALBEGIXNT)

IF (INDEX = 2) 106,060,122
IF(INDEX=-4)106,106,170

IF (12-7)61,65,65
TOIY=ALAG(XM)

G8 Te 1ceé

TOI)=ALAGGMY)
IF(12-7)106,137,137

X(1)=ALBGIXNTI/CLG™H) -

Go 78 106
WlT)=rl3G(XNL/CLGTH)

GBTH 105

NPTS =

CALL LESTSQ(Z, NPTS, INDEX)
GoTe 1

PRINT 165, 1

FORMAT (//55X, 2{HTEB MANY DATA PEINTS., I4)
sTHP '

END
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74

40

10

11
12

SUBRBUTINE LESTSQ (Z, N,

IND)

LINEAR LEAST SQUARES FIT 8VER Tw8 INDEPENDENT VARIABLES

CEMMBN DsX1,X2,X3

DIMENSION D(200), X1(200)s X2(220), X3(200)1A(4g4): Bla,gy, Cl4r4)

DIMENSION Z(4), S(4)s Y(4), <T(4)

CALCULATE CHRFFICIENTS BF EQUATIAGNS

D& 5 1=is4
Y(I) =~ Do
Z{1) = Qs
S{1) = D
D& J=ls4
C(IIJ) = O.
A{lsad) = 0
A(1,1) = N

D8 10 I = 14N

X180 = X1(])=X1(1}
A(1s2) = A(152) 4+ X1(D)
A(2,2) = A(P,2) + X18Q
Y(1) = Y(1) + D(1)

Y{2) = Y(2) + D(D)=*x1(])
IF (IND=23) 7,7,%2

AC1,3) = Al1s3) + X2(1)
A(213) = A(2,3) + X1(D)=x2(1)
A(3s3) = A{3,3) + X2(1)ex2(1)

Y(3) = Y(3) + D(lYex2(])
YELINDE)10,40440

ACLs48) ALL,4)+X2(1)
A(2s83=A(2,4)+X1 (1) *X3()
A(3s8)2Aa(3,4)+X2(1)*X3( 1)
AC424)sA(4,4)+X3(T)1»xX3(1)
Y{4) = Y(4)+D(D)»X3(I)
GeTy 10

IF(IND=5)9,7,7

X2(11=X180

A(2:,3) = A(2,3) + X1SA*I(D)
A(3,3) = A(32,3) + X150#Xx18Q

Y(3) = Y(3) + D(I1)*X15Q
CONTINYLD

Al2s,1) = A(122)
Al3,2) = A(72,3)
Alsr1Y=A(1,4)
Alus2)=A(2,4)
A{4,21=A(3,4)

LIM = IND + 1

IF (IND=3) 13,11..2
LIM = 2

Gare 13
IF(IND=3)14,16,16
Al123)=2,01(2,2)

TOL (4)sAKT (&)



LL

[aXaXe]

LIM = 3
G8 T4 13
16 LiM=4
13 A(3,1) = A(1,3)
PRINT 100, ((A(IsU)s JE 1010, YUI)2 1 = 12L1M)
100 FBRMAT (///746X,38HCOEFFICIENTS 8F LEAST SOUARES EQUATIEBN//
wIPE26 o4 E7804/E36e4,E16e4,E58eu/E3604,2E16042E4204/
x E36+4,3E16004,E26e4)

INVERT EGUATIONS » .

DB 140
Da 1,‘,('.
pg 1+-8 123
140 B(1.0) A(Ts )
IF (IND=Z2) 160,170,165
165 IF(IND = 4 Y160,1700191
170 CALL MATINV(A,3,8,0,0ET,3)
GBS 18C '
160 CALL MATINV(A»2,02,0,DET.2)
GO 18 150
191 CALL MATINV(As 4, B, 0, DET, #4)
180 CENTINUE

To4
1,4

[ | B T}

L3 SRV

De 2¢ 1 = 1,LIM
D8 20 K = §,LI™
20 Z(1) = Zi1) + AlLI,KI*Y(K)
£ = EXP(Z(1))
PRINT 120, Z(1), E» (2012, | = 2,LIM)
120 FORMAT (///47X,36HSOLUTIAN FBR LEAST SQUARES CANSTANTS//
w S85X,3IHC =, 1PE16-4, 10X, BHEXP(C)Y =s El6e4/
e LB EE S BHAL FaELE el /TLEY Y EHAD =B 164 /DX, 4HAS =pEl6eh)
FRINT ~“3C :

130 FORMAT (///50X,30HERRBR BF LEAST SQUARES APPRAX.)
i3

0 FBRMAT {///50X,30HERRER 8F | EAST SQUARES APPREX.//53X,8HTERM N8.,
% 8%, 5KERRAR, 5X,; 16HLEG D3IAR/DAPPRAOX, 5%, 15HLEG D3AR/DCHANG/)

D8 190 [=1,4

HI=1
KT(1)=0
190 TS8L(1)=HI+.23026
D8 2.5 I = I)N
CEL = D(I) « Z{1) = Z(2)=X1(1) = Z(3)wX2(I) = Z(4)#X3(1)
ERR = EXP{-CEL)= 1.

D8 260 L=1,4
J=-L+8
IF (ABS(DEL)Y =TBL(J))210,2105260
210 KT(J)=KT(J)+1
260 CONTINUE
25 CENTINUE
25 PRINT 131, 1:ERR, DEL,» DEL2
131 FBRMAT (138,2F16+:5 F21la4)
DB 280 1=1,4
AKT(I)=<T(])
PC=100xAKT(I)}/B(1{,1)
280 PRINT 230sPC, 1



8L

230 FGRH!'(//FS&.B: 11H PERCENT IN,12.,8H DB BAND)
RETURN
END



bl

20

100
108

26

200
27

250
260

350
28

370
380

29

SUBRBUTINE MATINV (A,NsB,M,DETERM,)NMAX)

DIMENSION Al(4,4),B(4,4),PIVAT(4), INDEX(Y)
DETERM=1.0

08 20 1=1,N

PIVOT(1)=0.0
INDEX(1)2040

DB 550 [=1,N

AMAX=0.0

D8 105 Jdsi,N -

IF (PIV3T(4)) 105,21,10%
DB 107 <=1,N .
IF (FIVaTIKY) 100:22,100
TEMP= ANS(A(JNK))

IF (TEMP=-AMAX) 100,23:23
[RAw=J

1CaLUM=K

AMAX=TEMP

CONT INUE

CONTINUE

INDEX(1)=54096% ROW+ICOLUM
J= [RYW

AMAX=A(J»ICALUM)
DETIRM=AMAX*DETERM

IF (DETERM) 24,600,224
PIVOT(IC3LUM) =AMAX

IF (IRBW-1CALUM) 26,260,26
CETERMz-DETERM

D8 2C3 K=1,N

SWAP=zA(UsK) Ce
AlJsKY ALICALUMLIKY
ALTCS_UMIK)2GWAP
CONTINUE

IF (M) 260,7260,27

DO zZ50 K=1,M

SWAP=3(J,K)
BlJ,KY=8(ICALUM,K)
BOICBLUM,K) =SWAP
CamMTINUE

K=1C0OLUM

A{TICEBLUIMIK)=10

D8 380 K=1,N
A(ICRLUMIK)=ALICOLUMIK) ZAMAY
CBNT INUL

IF (¥) 380,380,228

DB 370 K=1l,v
B(I1CSLYUMsKY=BICBLUMIK) /AMAY
CENTINUE

DE 550 J=1,N

IF (J=123LUM) 292,550.,29
T=a( . 1CELUM)

Al s 1CILUMY=060

DB 480 1=1,N



Q3

450
31

500
550
600

705
710

AC JoKYI=AC J,<)=A(ICBLUM,K)#T
CANT INUE

1IF (M) 350,550,311

DB 500 w=1,M

Bl JeKI=8(0 JyK)=B{ICABLUMK )T
CONT INUE

CONTINUE

BB 710 I=1,N

[1=tivl ]

K=INBEX(11)/4096
[CBLUM=INDE¥ (1) =-096%K

IF (K=1C8Lu™)y 32,710,32

DB 705 J=il,N '
SWAP- AL JaK)

ACJsK)=A(ds TCELUM)
A(JsICOLUM) =SWAP

CANTINUE

CENT INUYE

RETURN

END

R

eprod
best avagfpyirom
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USERS MANUAL

PROGRAM T8 FIND BEST-FIT EMPIRICAL DAMPING LAW THREBUGH LEAST SQUARES METHED

READ (315) INDEX, 12, 18
INDEX = 1 « FIND DAMPING LAW OF FBRM D = CeXlwsal
=2 ) D = CaXineAlwX2xuA2
= 4 D = ALlHAZ*#X1+A3%X %52
= 5 (12 =7 D = CaMrnAls  #»#A2xX2xA3
= 5 (12 =7) D = CeMrxAl®  #2A2%(X/L)%2hA3
I2 = 0 =~ x1 =7
= 1 - X1 = X USED WITH INDEX = 1
=2 - X1 =
= 3 - Xi = M
= 4 = x1 = M, X2 = X
=5 - Xt = M X2 = USED WITH INDEX = 2
= 6 = X1 = X4 X2 = _
= 7 = x1 = T, X2 = x/L (USED WITH INDEX = 2) BR x3 = X/L (INDEX = 5)
18 = 0 - PRINT EACH DATA PBINT
= 1 = MINIMAL PRINT
1 READ (13A6,A1511) (ARRAY(1), I=1,14), ISTOP
ARRAY = TITLE HF DATA DECK
ISTBP = 9 - STEP
= 0 - CHNTTNUE
2 READ (15,1°CG) 11,13
I1 = 0 - 68 T8 1
. : . _ FREQ XN GEN. MASS FBRCE XE X0
= 1 =« INPUT UNITS = HZ M KG=G*%2/M KGF XE /XN
= 2 HZ G/LB LB=S#*%2/IN LB G/LR
= 3 HZ M KG N XE /XN
= 4 HZ N=M N=M
= 5 HZ  DEG KG=M##2 N-M XE /XN
= 6 HZ  RAD LB=S*%2/[N IN-KIP RAD/IN-LB
= 7 HZ G/LB LB=S**2/IN LB G/LB IN
I3 = 1 - D CALCULATED FROM D = PlsXE#F
13 = 2 = D = 4*PIxZCTAXT
READ (E10+3) CLGTH i
CLGTH = CHARACTERISTIC LENGTH 8F VEHICLE IN METERS
3 REAC {(7510.3) FREQs XNs GMs F, XEs XO¢ ZETA
FREQ = FRENUENCY
XN =

DyFLECTIBN AT STATIAN USED FBR NERMALIZATISN 9F GEN. MASS



g

~—

GM = GENERALIZED MASS (8R XINETIC ENERSGY FBR 11 = 4)

F o= EXCITATIBN FERCE (GR DISSIPATED ENERGY FOR I1 = &)

XE = DEFLECTIGN AT EXCITATION STATION

X0 = RADIUS AT NERMALIZATIAN STATION FAR 11 = 7

ZETA = VODAI, DAMPING CEEFFICIENT (B8R RADIUS (INCHES) AT EXCITATISN STATION
FOR 11 = 7)

IF (/FREQ/eLE+1.E~-10) GB TB 2

G9 18 3 .
SAMPLE DATA DECK
1 0 =313 75 0
TESTS N8+ 11 + 13, SATURN UPPER STAGES BENDING TESTS
3 2
33¢85% -
44738 «1301 -2 10555, 3229, 1733 1 » 0083 b o g
9.66 .0335 -2 16048, 3481, 2341 ‘ D118 4 - P
10,00 20290 -2 19421, 3346, .3137 «0123 4 - 3
10,58 0228 -2 37114, 3449, <4005 0114 4 « 4
14420 «C130 =2 56828, 3305. 6826 0130 4 = 5
23412 +C158 =3 17980500. 2763, 16,138 b4 - 7
4,90 « 1885 -2 10234« 3371, 1764 +0194 4 - 15
9.39 361 =3 23731. 3509, 2752 +0109 4 - 16
1C.20 231 3 30539. 3395, 2714 +0076 4 o 17
12.38 ~93 -4 2284183, 3325, 6584 4 - 18
14042 «i89 =3 186818. 3502 +7323 +0095 4 - 19
16440 - .28 -4 7014434 3574 1.6274 4 « 20
22.97 ’19 4 B8’261987. 4558, 29,323 ' 4 - 21 .
5e20 22282 -2 11824+ 3705+ 6819 : 2 0137 4 - 8
9468 ¢393 =3 13646+ 3774 «2203 «0094 4 - 9
1059 218 =3 21531+ 3438 23998 4 « 10
1051 «163 3 229864 3736 4452 «0115 4 = 1%
15.00 +200 -3 225630s 3373, +5734 20108 4 = 12
24426 «870 =5 8pR76450. 4111 4442231 4 13
26482 2104 =4 28463950. Shbhe 71+8714 4 - 14
5402 831 =3 12523+ 3346 25098 Qlbdh 4 - 22
ety 545 -3 10630. 34150 +2459 *+003 4 - 23
10095 «357 -3 14796' 3546 «2393 0114 _‘0 - 24
13'14»9 151 -3 554562, 3732 43876 0100 4 « 25
15.20 158 =3 21740 3907 +3003 0109 4 - 28
3 2
334853
2+09 + 1087 =2 973344, 3022, 4120 1 010 3 - 1
781 +2059 -2 502000 5199, + 3559 0104 3 - 2
10+09 » 5 -5 7571678 5466 440316 LT 3 - 3



%8

1082
14431
17.02
208
7069
10.38
11.01
14460
1772
8e16
1407
Senb
13608
80#9
1407
. 3e31
1350

TEST »Be 3

50290
5+4660
6.]62
Ren39

11326
54691
8-113
84325

11,438

Iil‘l
140
s 14
1864
«2034
ok
126
«37
26
«1645
152
+ 1849
o4
215393
. 107
v2166
« 705

SATURM
2

6+0°92
8.469
3.192
1'936
6703
6271
6432
3.2°28
1e443
“a 640

-3
-3
-4
-3
-2

-3
-4
-4
-2
-3
-2
-4
-2
-3
-2
-4

V DTy CONFIG,

-5
-5
-5

-l

-5
-5
-5
-5
-4
=5

158658
28820
1591757
1193429,
47160,
21984770
457090
859699,
776740
21164
‘9634 .
21702,
11346601,
13517
15436
12720
455873

9S40
340
245
3483
27

648

+6
+6
+7
+6
+6
+6
+6
+7
+6
+6

5482
4478
4369
3345
3536
3782,
3533
3476
3452
2327
2380,
2303
2453
1988,
22770
2014
2429

1 TORSIBNAL

21912
22704
20460
18216
240424
201
201
194,
209
238,

4760
«6195
5.3168
«3501
« 2568
5.0237
«3706
1.2591
21896
2791
» 3545
2260
7624
4762
«3594
» 3785
#3541

5 =11
6 -11
4 =11
5 =11
8.0 -11
3Q. -12
30. =12
400 12
14cs =12
50« -12

(1967)

+0168
«0140

0180
0084
+0072
+0102

.+ (098
+0085
+0108
«0108
+0103
+0140
+ 0099

«01

e 008
<015
01

+02

009
« 009
s 014
°011
2018

11
12
~ 13
- 14
- 15
- 16

17
18

10
19

| 2 B I |
O

WWWWWwWWwWwWwwWww Wwwwwwww

17-8
17-0
17«
17~

17=
17
17-
17-
17=-
17-

17-10

WooNOUTE WHR) -
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R |
GMLld

5)1 TA3LEQI25), TABLgwWwl2%)
NRAaNWsTEL

L1,

FR«3]

1:” ]
2NW)

(TARLEQLI), | =
[TABLEWII),» I =

45 FERYAT [1H1,P8Y,4HFRED, 10X, 9HGENL MASS,
» SUFOREC FREGITXIQUIPESP AMPLS 7Xs 10HRESP PHASE/Z /)
ThO75 1 = 1,NMODES
o 7L 0 s 1,Mu
= TADLEW [J]
39 75 K o= 1,
TN TA%LEZ[K]
Tz 1o
fw; : s
100 « = 2
o= b+
PRINT 571, N
DRI B Y :
Call FONDIYs Wy GMUIY, Xo EN, Co» GNy T, PHID
G o= X- T
R = [ «X)/X
Ie [ABSIFRRY = TOLY 150,180,120
0TF I -ITﬂAiJ 100,2 OO:E“”
150 FRINT 162, =N{]), 2MI[I11, GNs Ws G, PH!
160 FpovaT c19L3A-~.Jr16 43
GarT 7%
ZC0 PRINT FiC,ITHAY,TAL »TsX
P11l TOUNMAT /716X 26HSALUTISN
sLECANCE 8FJ F9ek, 74 YIN] 3, 1PE1043, 9H X([N=-1)
g1eE
T2 CovTINUE
2N
I’-.T];\
5338% GN 00146 TABLER 00230 TASLEW
BDES $7313 ITHAX 00314 N3 03315 N4
303217 U 00320 X 00321 N
Z3 TC 0032% C 00327 EN
e 00335 0 00337 X
3 Nn343 ERR

7X2 SHFORC AMPL,

7X

roduced from
%:Z avadabh copy

CIONT CBNVERGE IN,13,26H STEPS WITHIN T8
2,E1032
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SLUROUTINE F

- T S

TL oz AN e WP
Ty = Tr«TA

T3 2 37xTel

TCo= STeTR/2
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USERS MANUAL
PREGRAM T& FIND RESPONSE BF A MENLINEARLY DAMPED SYSTEM T9 A PERISBDIC £EXCITATIBN
READ (415,F1C.3) NMODES, ITMAX, NGQ, NW, TBL

NMEDES = NO. 8F MBDAL EQUATIEBNS T8 SOLVE

ITMAX = MAXIMUM NUMBER 8F 1TERATIBNS F8R NEWTBNS MeETHBD
NQ = N@. 8F VALUES 8F Q (AMPL. 8F FPRCING FN.) FBR EACH FSRCING FREeQ,
NW = Nfte B8F VALUTS 8F W (FREG. BF FBRCING FN,)

78L = ERREM TOLERAMCE REGQUIRING ANBTHER NEWTBN ITERATIGN

D8 1 I = 1,:M3DES
1 READ (2F8e¢3) (WN(Il), GM(I)s» 1 = 1,NMBDES)

WN(T)
GM(1)

MenAL FREGUENCY 8F THE [~TH M8DE
GENe MASS SF l-TH MBDE

READ (2F8.3) CLEN

C = CHEFFICIENT EF EMPIRICAL DAMPING LAW
EN = EXPONENT OF EMPIRICAL DAMPING LAW

READ (8F10+3) (TABLEQ(I), 1 = 1,N®)
READ (RF10«3) (TABLEW(I), I = 1,NW)
TABLEQ(1) = VALUES 8F QI
TABLEW(1) = VALUES 8F ui(l) (RAD/SEC)
SAMPLE DATA DECK
4 1C 5 5 ¢ 001
626266 852849
11.c207 31216
166826 . 479146 - :
23,2190 1049346 !
+313 8
1.+6 1a~4 1e-2 1. 100,
6 12 18+ 24 30,

ALL SATURN, 747 DATA
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12MT1.L0=LP,

CLATION £F £AUIVALENT LINEAR DAMPING COEFFICIENT

<SUaN TABLELZ20), TITLED14)
1C,0,%
2a0ok
2 T [1HL,43X,254DAMPING LAW CONSTANTS C =F7.3, 44 E =,F7.3)
' By MNAVE
5 FAa AT c1¢1%3
READ 10, [rADLE(IJ. I = 1,MNAMP)
10 Fasya T 128872
12 R H,nve S
IF [(wenE8) 15,200,15
12 Fer 20, (TUTLECLY, I = 1,18)
i AT [L34E0A2)
N S ITITLELIY, 1 = 1,14)
3¢ iZeP2N 21386, A2//20X 1 45MODEr BXIUHFRER, 88X, 9HGENL- MASS
» TURE, 11X, 1HT, 15%s 1HD, 14X, 4HZETA/ 26Xs 9HIRAD/SEC)
* s 13X, 3HIMI, 12X, SH{M=M], 11X,53H[N-M]1/)
L NVODES
“
5% +2)
\
\A /P
LI+ TABLE (YD

3/32-,5536/T1
['-1] 70,6€0,70
£9, 1,¥aGMaTABLELJY»T1,D02

MAT £123,F 1243, 1P5E1644)
; T 72, TABLECUIaT1s0s2
7% F' SN AT [IPESTe4s3E16e4)

7t u~*r'“'r

o018 1z

SCATIen
CoCBY TITLE 00104 NAMP 001C5 1
€c3107 J got10 C colle E
Clits GM 6ci20 7 00122 T1
02126 Z
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USER'S MANUAL

PRBGRAM TG CALCULATE EQUIVALEMT LINEAR DAMPING CEEFFICIENT FREM EMPIRICAL
DAMPING LAW D = CaTwxE

READR (2E83) C,E

C = COEFFICIENT 8F EMPIRICAL DAMPING LAW
£ = EXPONENT OF EMPIRICAL DAMPING LAW '

READ (I5) NAmP
NAME = NS, 8F MADAL AMPLITYDES PER MBDE FBR WHICH DAMPING CBEFF. FOUND
READ (1CE8e3) (TABLE(I)s I = 1,NAMP)

TABLE(]) = VALUES OF MBDAL AMPLITUDES

-
A3
m
>
(w]

(15) NMUDES

NMODES = NA. -8F MBDES FBR WHICH DAMPING CEEFFs T3 BE FOUND
READ (13A62A2) (TITLE(I)s 1 = 1,18

TITLE(D) = IDENTIFICATION 8F STRUCTURE EXAMINED

D8 2 1 = 1,NMBDES

OQ 2 READ (2E13+3) WHGM

W o= FrpQUENCY (RAD/SEC) 8F 1-TH MBDE
GM = GINs MASS (KG) 8F [-TH MBDE

63 16 1+ - : : ’
IF (NMBDES. EQ.0) STEP ‘

SAMPLE DATA DECK

0313 8
5
1+=6 Se=6 1.5 5.=5 le=y
4 ‘ 4
SA S00D TIME PAINT 2 (DTV)
646266 8598,9
11.0207 3172146 -
16.6826 479146

23.219C 1C433.6





